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Low-Voltage Switchgear and Controlgear Sectional Committee, ETD 07 



NATIONAL FOREWORD 

This Indian Standard (Part 4/Sec 1) which is identical with lEC 60947-4-1 : 2000 'Low-voltage 
switchgear and controlgear — Part 4-1: Contactors and motor-starters — Electromechanical 
contactors and motor-starters' issued by the international Electrotechnical Commission (I EC) was 
adopted by the Bureau of Indian Standards on the recommendation of the Low-Voltage Switchgear 
and Controlgear Sectional Committee and approval of the Electrotechnical Division Council. 

This standard supersedes IS 13947 (Part 4/Sec 1) : 1993 'Specification for low-voltage switchgear 
and controlgear Part 4 Contactors and motor-starters, Section 1 Electromechanical contactors and 
motor-starters'. It also incorporates Amendment No. 1 published in 2002 and Technical Corrigendum 1 
published in 2001 . 

The text of lEC Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. 
Attention is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should 
be read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker, while in Indian Standards, the current 
practice is to use a point (.) as the decimal marker. 

In this adopted standard, reference appears to certain International Standards for which Indian 
Standards also exist. The con-esponding Indian Standards, which are to be substituted in their 
respective places, are listed below along with their degree of equivalence for the editions indicated: 



International Standard 



lEC 60034-1 : 
machines — 
perfonmance 



2004 Rotating electrical 
Part 1: Rating and 



lEC 60050 (441) : 1984 International 
Electrotechnrcal Vocabulary (lEV) — 
Chapter 441: Switchgear, controlgear 
and fuses 

lEC 60076-1 : 1993 Power transformers 

— Parti: General 

lEC 60112 : 2003 Method for the 
determinatron of the proof and the 
comparative tracking indues of soiki 
insulating materials 

lEC 60255-8 : 1990 Electrical relays — 
Part 8: Thermal electrical relays 

lEC 60269-1 : 1^8 Low-voltage fuses 

— Part 1 : General requirements 



Convsponding Indian Standard 

IS 4722 : 2001 Rotating electrical 
machines — Specification {second 
revision) 

IS 1885 (Part 17) : 1979 Electrotechnical 
vocabulary: Part 17 Switchgear and 
controlgear {first revision) 

IS 2026 (Part 1) : 1977 Power 
transfonners: Part 1 General {first 
revision) 

IS 2824 : 1975 Method for determining 
the corT^)arative tracking index of soiki 
insulating materials under moist 
conditkins (fiirsf revision) 

IS 3842 (Part 4) : 1966 Application guide 
for electrical relays for ac systems: 
Part 4 Thermal relays 

IS 13703 (Part 1) : 1993 Low-voltage 
fuses for voltages not exceeding 1 000 V 
ac or 1 500 V do: Part 1 General 
requirements 



Degree of 
Equivalence 

Technically 
Equivalent 

do 



do 



do 



do 



do 



IV 
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International Standard 



lEC 60269-2 : 1986 Low-voltage fuses 

— Part 2: Supplementary requirements 
for fuses for use by authorized persons 
(fuses mainly for industrial application) 

lEC 60269-2-1 : 2004 Low-voltage fuses 

— Part 2-1: Supplementary requirements 
for fuses for use by autfiorized persons 
(fuses mainly for industrial application) 

— Sections I to V: Examples of types of 
standardized fuses 

lEC 60410 : 1973 Sampling plans and 
procedures for inspection by attributes 

I EC 60947-1 2004 Low-voltage 

switcfigear and controlgear — Part 1: 
General rules 

lEC 60947-2 : 2003 Low-voltage 
switcfigear and controlgear — Part 2: 
Circuit-breakers 

lEC 60947-3 : 1999" Low-voltage 
switchgear and controlgear — Part 3: 
Switches, disconnectors, switch- 
disconnectors and fuse-combination 
units 

lEC 60947-5-1 : 2003 Low-voltage 
switchgear and controlgear — Part 5: 
Control circuit devices and switching 
elements — Section 1: Electro- 
mechanical control circuit devices 

lEC 61000-4-2 : 1995 Electromagnetic 
compatibility (EMC) — Part 4: Testing 
and measurement techniques — 
Section 2: Electrostatic discharge 
immunity test 

lEC 61000-4-4 : 1995 Electromagnetic 
compatibility (EI^C) — Part 4: Testing 
and measurement techniques — Section 
4: Electrical fast transient/burst immunity 
test 

CISPR 11 : 2003 Industrial, scientific and 
medical (ISM) radio-frequency equipment 

— Electromagnetic disturbance 
characteristics — Limits and methods of 
measurement 



Corresponding Indian Standard 

IS 13703 (Part 2/Sec 1) : 1993 Low- 
voltage fuses for voltages not exceeding 
1 000 V ac or 1 500 V dc: Part 2 Fuses 
for use by authorized persons, Section 1 
Supplementary requirements 

IS 13703 (Part 2/Sec 2) : 1993 Low- 
voltage fuses for voltages not exceeding 
1 000 V ac or 1 500 V dc; Part 2 Fuses 
for use by authorized persons, Section 2 
Examples of standardized fuses 

IS 10673 : 1983 Sampling plans and 
procedures for inspection by attributes 
for electronic items 

IS/IEC 60947 (Part 1) : 2004 Low- 
voltage switchgear and controlgear: 
Part 1 General rules 

IS/IEC 60947 (Part 2) : 2003 Low- 
voltage switchgear and controlgear: 
Part 2 Circuit-breakers 

IS/IEC 60947 (Part 3) : 2005 Low-voltage 
switchgear and controlgear: Part 3 
Switches, disconnectors, switch- 
disconnectors and fuse-combination 
units 

IS/IEC 60947 (Part 5/Sec 1) : 2003 Low- 
voltage switchgear and controlgear: 
Part 5 Control circuit devices and 
switching elements, Section 1 
Electromechanical control circuit devices 

IS 14700 (Part 4/Sec 2) : 1999 
Electromagnetic compatibility (EMC): 
Part 4 Testing and measurement 
techniques, Section 2 Electrostatic 
discharge immunity test 

IS 14700 (Part 4/Sec 4) : 1999 
Electromagnetic compatibility (EMC): 
Part 4 Testing and measurement 
techniques, Section 4 Electrical fast 
transient/burst immunity test 

IS 6873 (Part 4) : 1999 Limits and 
methods of measurement of radio 
disturbance characteristics: Part 4 
Industrial, scientific and medical (ISM) 
radio-frequency equipment (first revision) 



Degree of 
Equivalence 

Identical 



Technically 
Equivalent 



do 



Identical 



do 



Technically 
Equivalent 



Identical 



Technk:ally 
Equivalent 



do 



do 



" Since revised in 2005. 
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The technical committee responsible for the preparation of this standard has reviewed the provisions 
of the following International Standards referred in this adopted standard and has decided that they 
are acceptable for use in conjunction with this standard: 



International Standard 
lEC 60034-11 :2004 
lEC 60085 : 2004 
lEC 61000-4-3 : 2002 

lEC 61000-4-5 -.1995 

lEC 61095 -.1992 
lEC 61810-1 :2003 



Title 

Rotating electrical machines — Part 11: Thermal protection 

Electrical insulation — Thermal classification 

Electromagnetic compatibility (EMC) — Part 4-3: Testing and 
measurement techniques — Radiated, radio-frequency electromagnetic 
field immunity test 

Electromagnetic compatibility (EMC) — Part 4: Testing and measurement 
techniques — Section 5: Surge immunity test 

Electromechanical contractors for household and similar purposes 



Electromechanical elementary relays 
requirements 



Part 1: General and safety 



Annendment No. 2 to the above International Standard has been given at the end of this publication. 

Only the English text of the International Standard has been retained while adopting it as an Indian 
Standard, and as such the page numbers given here are not the same as in the lEC Publication. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in 
accordance with IS 2 : 1960 'Rules for rounding off numerical values (revisecf)'. The number of 
significant places retained in the rounded off value should be the same as that of the specified value 
in this standard. 



IS/IEC 60947-4-1 : 2000 

Indian Standard 
LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR 

PART 4 CONTACTORS AND MOTOR-STARTERS 
Section 1 Electromechanical Contactors and Motor-Starters 
1 Scope and object 

This part of lEC 60947 applies to the types of equipment listed in 1.1 and 1.2 whose main 
contacts are intended to be connected to circuits the rated voltage of which does not exceed 
1 000 V a.c. or 1 500 V d.c. 

Starters and/or contactors dealt with in this standard are not normally designed to interrupt 
short-circuit currents. Therefore, suitable short-circuit protection (see 9.3.4) shall form part of 
the installation but not necessarily of the contactor or the starter. 

In this context, this standard gives requirements for: 

- contactors associated with overload and/or short-circuit protective devices; 

- starters associated with separate short-circuit protective devices and/or with separate 
short-circuit and integrated overload protective devices; 

- contactors or starters combined, under specified conditions, with their own short-circuit 
protective devices. Such combinations, e.g. combination starters (see 3.2.7) or protected 
starters (see 3.2.8) are rated as units. 

Circuit-breakers and fuse-combination units used as short-circuit protective devices in 
combination starters and in protected starters shall comply with the requirements of 
lEC 60947-2 and lEC 60947-3, as the case may be. 

Equipment covered by this standard is as follovra. 

1.1 AC and d.c. contactors 

AC and d.c. contactors Intended for closing and opening electric circuits and, if combined vMth 
suitable relays (see 1.2), for protecting these circuits against operating overloads which may 
occur therein. 

NOTE Contactors combined with suitable relays and wtiich are intended to provide short-circuit protection shall 
additionally satisfy the relevant conditions specified for circuit-brealcers (lEC 60947-2). 

This Standard applies also to the actuators of contactor relays and to the contacts dedicated 
exclusively to the coil circuit of a contactor. 

Contactors or starters with an electronically controlled electromagnet are also covered by this I 
standard. ' 

1.2 AC motor-starters 

AC motor-starters intended to start and accelerate motors to normal speed, to ensure 
continuous operation of motors, to switch off the supply from the motor and to provide means 
for the protection of motors and associated circuits against operating overloads. 
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Starters the operation of which depends on thermal electrical relays for motor protection 
complying with lEC 60255-8. or motor-incorporated thermal protective devices dealt with in 
lEC 60034-11 do not necessarily meet all the relevant requirements of this standard. 

Overload relays for starters, including those based on solid state technology, shall meet the 
requirements of this standard. 

1.2.1 Direct-on-line (full voltage) a.c. starters 

Direct-on-line starters intended to start and accelerate a motor to normal speed, to provide 
means for the protection of the motor and its associated circuits against operating overloads, 
and to switch off the supply from the motor. 

This standard applies also to reversing starters. 

1.2.2 Reduced voltage a.c. starters 

Reduced voltage a.c. starters intended to start and accelerate a motor to normal speed by 
connecting the line voltage across the motor terminals in more than one step or by gradually 
increasing the voltage applied to the terminals, to provide means for the protection of the 
motor and its associated circuits against operating overloads, and to switch off the supply 
from the motor. 

Automatic change-over devices may be used to control the successive switching operations 
from one step to the others. Such automatic change-over devices are, for example, time-delay 
contactor relays or specified time all-or-nothing relays, under-current devices and automatic 
acceleration control devices (see 5.10). 

1.2.2.1 Star-delta starters 

Star-delta starters intended to start a three-phase motor in the star connection, to ensure 
continuous operation in the delta connection, to provide means for the protection of the motor 
and its associated circuits against operating overloads, and to switch off the supply from the 
motor. 

The star-delta starters dealt with in this standard are not intended for reversing motors rapidly 
and, therefore, utilization category AC-4 does not apply. 

NOTE In tha star connection, ttia currant in the line and the torque of the motor are about one-third of th« 
corresponding values for delta connection. Therefore, star-delta starters are used when tha inrush current due to 
the starting is to t>e limited, or when the driven machine requires a limited torque for starting. Figure 1 indicates 
typical curves of starting current, of starting torque of the motor and of torque of the driven machine. 

1.2.2.2 Two-step auto-transformer starters 

Two-step auto-transformer starters, intended to start and accelerate an a.c. induction motor 
from rest with reduced torque to normal SF>eed and to provide means for the protection of the 
motor and its associated circuits against operating overloads, and to switch off the supply 
from the motor. 

This standard applies to auto-transformers which are part of the starter or wtiich comtitute a 
unit specially designed to be associated with the starter. 
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Auto-transformer starters with more than two steps are not covered by this standard. 

The auto-transformer starters dealt with in this standard are not intended for inching duty or 
reversing motors rapidly and, therefore, utilization category AC-4 does not apply 

NOTE In the starting position, the current in the line and the torque of the motor related to the motor starting with 
rated voltage are reduced approximately as the square of the ratio (starting vottage):(rated voltage). Therefore, 
auto-transformer starters are used when the inrush current due to the starting is to be limited or when the driven 
machine requires a limited torque for starting. Figure 2 indicates typical curves of starting currant, of starting 
torque of the motor and of torque of the driven machine. 

1.2.3 Rheostatic rotor starters 

Starters intended to start an a.c. induction motor having a wound rotor by cutting out resistors 
previously inserted in the rotor circuit, to provide means for the protection of the motor against 
operating overloads and to switch off the supply from the motor. 

In the case of asynchronous slip-ring motors (wound-rotors), the highest voltage between 
open slip-rings shall be not greater than twice the rated insulation voltage of the switching 
devices Inserted In the rotor circuit (see 5.3.1.1.2). 

NOTE This requirement is based on the fact that the electric stresses are less severe in the rotor than in the 
stator and are of short duration. 

This standard applies also to starters for two directions of rotation when reversal of 
connections Is made with the motor stopped (see 5.3 5.5) Operations including inching and 
plugging necessitate additional requirements and shall be subject to agreement between 
manufacturer and user. 

This standard applies to resistors which are part of the starter or constitute a unit specially 
designed to be associated with the starter. 

1.3 This standard does not apply to: 

- d.c. starters; 

- star-delta starters, rheostatic rotor starters, two-step auto-transformer starters Intended for 
special applications and designed for continuous operation in the starting position; 

- unbalanced rheostatic rotor starters, i.e. where the resistances do not have the same 
value In all phases; 

- equipment designed not only for starting, but also for adjustment of speed; 

- liquid starters and those of the "liquid-vapour" type, 

- semiconductor contactors and starters making use of semiconductor contactors in the 
main circuit; 

- rheostatic stator starters; 

- contactors or starters designed for special applications; 

- auxiliary contacts of contactors and contacts of contactor relays. These are dealt with in 
lEC 60947-5-1. 
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1.4 The object of this standard is to state: 

a) the characteristics of contactors and starters and associated equipment; 

b) the conditions with which contactors or starters shall comply with reference to; 

1) their operation and behaviour, 

2) their dielectric properties, 

3) the degrees of protection provided by their enclosures, where applicable, 

4) their construction; 

c) the tests intended for confirming that these conditions have been met, and the methods to 
be adopted for these tests; 

d) the information to be given with the equipment or in the manufacturer's literature. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. 
For dated references, only the edition cited applies For undated references, the latest edition 
of the referenced document (including any amendments) applies. 

lEC 60034-1:1996, Rotating electrical machines - Part 1: Rating and performance 
Amendment 1 (1997) 
Amendment 2 (1999) 

lEC 60034-11:1978, Rotating electrical machines - Part 11: Built-in thermal protection - 
Chapter 1: Rules for protection of rotating electrical machines 

lEC 60050(441):1984, International Electrotechnical Vocabulary (lEV) - Chapter 441: 
Switchgear, controlgear and fuses 

lEC 60076-1:1993, Power transformers - Part 1: General 
Amendment 1 (1999) 

lEC 60085:1984, Thermal evaluation and classification of electrical insulation 

lEC 60112:1979, Method for determining the comparative and the proof tracking indices of 
solid insulating materials under moist conditions 

lEC 60255-8:1990, Electrical relays - Part 8; Thermal electrical relays 

lEC 60269-1:1998, Low-voltage fuses - Part 1: General requirements 

lEC 60269-2:1986, Low-voltage fuses - Part 2: Supplementary requirements for fuses for use 
by authorized persons (fuses mainly for industrial application) 
Amendment 1 (1995) 
Amendment 2 (2001) 

lEC 60269-2-1:1998, Low-voltage fuses - Part 2-1: Supplementary requirements for fuses for 
use by authorized persons (fuses mainly for industrial application) - Sections I to V: Examples 
of types of standardized fuses 
Amendment 1 (1999) 
Amendment 2 (2002) 

lEC 60410:1973, Sampling plans and procedures for inspection by attributes 
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lEC 60947-1:1999, Low-voltage switchgear and controlgear - Part 1 General rules 
Amendment 1 (2000) 
Amendment 2 (2001) 

lEC 60947-2:1995, Low-voltage switchgear and controlgear - Part 2: Circuit-breakers' 
Amendment 1 (1997) 
Amendment 2 (2001) 

lEC 60947-3:1999, Low-voltage switchgear and controlgear- Part 3: Switches, disconnectors, 
switch-disconnectors and fuse-combination units 
Amendment 1 (2001) 

lEC 60947-5-1:1997, Low-voltage switchgear and controlgear - Part 5. Control circuit devices 
and switching elements - Section 1: Electromechanical control circuit devices" 
Amendment 1 (1999) 
Amendment 2 (1999) 

lEC 61000-4-2:1995, Electromagnetic compatibility (EMC) - Part 4: Testing and measurement 
techniques - Section 2: Electrostatic discharge immunity test - Basic EMC publication'" 
Amendment 1 (1998) 
Amendment 2 (2000) 

lEC 61000-4-3:1995, Electromagnetic compatibility (EMC) - Part A: Jestir\g and measurement 
techniques - Section 3: Radiated radio-frequency electromagnetic field immunity test'"' 
Amendment 1 (1998) 
Amendment 2 (2000) 

lEC 61000-4-4:1995, Electromagnetic compatibility (EMC) - Part 4: Jesting and measurement 
techniques - Section 4: Electrical fast transient/burst immunity test - Basic EMC publication 
Amendment 1 (2000) 
Amendment 2 (2001) 

lEC 61000-4-5:1995, Electromagnetic compatibility (EMC) - Part 4: Testing end measurement 
techniques - Section 5: Surge immunity test 
Amendment 1 (2000) 

lEC 61095:1992, Electromechanical contactors for household arKi similar purposes 
Amendment 1 (2000) 

lEC 61810-1:1998, Electromechanical all-or-nothing relays - Part 1: Gerteral requirements 

CISPR 11:1997, Industrial, scientific and medical (ISM) radio-frequerKy equipment - 
Electromagnetic disturbance characteristics - Limits and methods of measurement 
Amendment 1 (1999) 



Thar* is a consolidatad adtion 2.1 (199S) that includas lEC 60947-2 (1995) and its amandmant 1 (1997). 
Thara is a eensolidatad adtion 2.1 (1999) that inctudas lEC 60947-5-1 (1997) and its amandmant 1 (1999) 
Thara is a consoiidatad adtion 1.1 (1999) tliat includas lEC 61000-4-2 (1995) and its amandmant 1 (1998) 
Thara is a consoiidatad adtion 1 .1 (1996) that includas lEC 61000-4-3 (1995) and its amandmant 1 (1998) 
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3 Definitions 

For the purpose of this part of iEC 60947. the definitions of Cause 2 of lEC 60947-1 together 
with the following additional definitions apply. 

3.1 Definitions concerning contactors 

SSbc^rsSglvice having on, one position ot/est operated otherwise tha^^^^^ 

hand, capable of making, carrying and breaking currents under normal circuit conamons 

including operating overload conditions 

NOTC Cotrtactora may b« designated according to the method by which the force (or closins the m.lr. contieta i. 

provided. 

[lEV 441-14-33] 

The fallowings notes are not included in lEV 441-14-33: 

NOTE 1 The term 'operated othewise than by hand" means that the device Is intended to be controlled and kept 

in woriiing position from one or more external supplies. 

NOTE 2 In French, a contactor the main contacts ot which are closed in the position of rest is usually called • 

'nipteui*. The word 'rupteui* has no equivalent in the English language. 

NOTE 3 A contactor is usually intended to operate frequently. 

3.1.2 

eiectroinagnetic contactor 

contactor in vrtiich the force for closing the normally open main contacts or opening tne 

normally dosed main contacts is provided by an electromagnet 

NOTE The electromagnet may be electronically controlled (see 3.1 .8). ■ 

3.1.3 

pneumatic contactor 

contactor in which the force for closing the normally open main contacts or opening the 
normally closed main contacts is provided by a device using compressed air, without the use 
of electrical means 

3.1.4 

electro-pneumatic contactor 

contactor in which the force for closing the normally open main contacts or opening the 
normally closed main contacts is provided by a device using compressed air under the control 
of electrically operated valves 

3.1.5 

latched contactor 

contactor, the moving elements of which are prevented by means of a latching arrangement 

from returning to the position of rest when the operating-means are de-energized 

NOTE 1 The latching, and the release of the latching, may be mechanical, electromagnetic, pneumatic, etc. 

NOTE > Because ot the latching, the latched contactor actually acquires a second position of rest and. according 
•» the defini tion of a contactor, it is not. strictly speaking, a contactor However, since the latched contactor in both 
it* utilization and its design is more closely related to contactors in general than to any other classification of 
switching device, it is considered proper to require that it complies with the specifications for conUctors wherever 
they are appropriate. 

(lEV 441-14-34] 
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3.1.6 

vacuum contactor (or starter) 

contactor (or starter) in which the main contacts open and close within a highly evacuated 
envelope 

3.1.7 

position of rest (of a contactor) 

position which the moving elements of the contactor take up when its electromagnet or its 
compressed-air device is not energized [lEV 441-16-24] 

3.1.8 

electronically controlled coil for electromagnet 

coil controlled by a circuit with active electronic elements 

3.2 Definitions concerning starters 

3.2.1 
starter 

combination of all the switching means necessary to start and stop a motor In combination 
with suitable overload protection [lEV 441-14-38] 

3.2.2 

direct-on-line starter 

starter which connects the line voltage across the motor terminals in one step [lEV 441-14-40] 

3.2.3 

reversing starter 

starter Intended to cause the motor to reverse the direction of rotation by reversing the motor 
primary connections while the motor may be running 

3.2.4 

two-direction starter 

starter Intended to cause the motor to reverse the direction of rotation by reversing the motor 
primary connections only when the motor is not running 

3.2.5 

reduced voltage starter 

starter which connects the line voltage across the motor terminals in more than one step or by 
gradually increasing the voltage applied to the terminals 

3.2.5.1 
star-delta starter 

starter for a three-phase induction motor such that in the starting position the stator 
windings are connected in star and in the final running position they are connected in delta 
[lEV 441-14-44] 

3.2.5.2 
auto-transformer starter 

starter for an induction motor which uses for starting one or more reduced voltages derived 

from an auto-transformer [lEV 441-14-45] 

NOTE (not included in lEV 441- 14-45) An auto-transformer is defined as follows In 3.1 .2 ot lEC 60076-1 ; 

'A transformer In wtiich at least two mndings have a common part.* 
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3.2.6 

iK?'Jliiiz*Irj*one or several resistors for obtaining, during starting, stated motor torque 
characteristics and for limiting the current [lEV 441-14-42] 

NOTE (fxA included in lEV 441-14-42) A rtieostatie starter generally consists of three basic parts which may be 
•uppHed either as a composite unit or as separate units to be connected at the place of utilization: 

- the mechanical switching devices for supplying the stator (generally associated with an overload protective 
device); 

- the resistor(s) inserted in the stator or rotor circuit; 

- the mechanical switching devices for cutting out the resistor(s) successively 

3.2.6.1 

rheostatic stator starter 

rheostatic starter for a squirrel cage motor which, during the starting period, cuts out 
successively one or several resistors previously provided in the stator circuit 

3.2.6.2 

rheostatic rotor starter 

rheostatic starter for an asynchronous wound-rotor motor which, during the starting period, 
cuts out successively one or several resistors previously provided in the rotor circuit 
[lEV 441-14-43] 

3.2.7 

combination starter (see figure 3) 

equipment consisting of a starter, a manual externally operated switching device and a short- 
circuit protective device, mounted and wired in a dedicated enclosure. The switching and 
short-circuit protective devices may be a fuse combination unit, a switch with fuses or a 
circuit-breaker with or vinthout an isolating function 

NOTE 1 A dedicated erwlosure is an enclosure specifically designed and dimensioned for its application in which 
aH tests are conducted. 

NOTE 2 The manually operated switching device and the short-circuit protective device may tM just one device 
and may incorporate the ovaitoad protection as well. 

3.2.8 

protectod starter 

equipment consisting of a starter, a manually operated switching device and a short-circuit 
protective device, mounted and wired, enclosed or unenclosed according to the instructions of 
the starter manufacturer 

NOTE The manually operated switching device and the short-circuit protective device may be one single device 
and may incorporate the overload protection as well. 

3.2.9 

manual starter 

starter in which the force for closing the main contacts is provided exclusively bv manual 
energy (lEV 441-14-39] ' 

3.2.10 
electromagnetic starter 

starter in which the force for closing the main contacts is provided by an electromagnet 
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3.2.11 
motor-operated starter 

starter in which the force for closing the main contacts is provided by an electric motor 

3.2.12 
pneumatic starter 

starter in which the force for closing the main contacts is provided by using compressed air, 
without the use of electrical means 

3.2.13 
electro-pneumatic starter 

starter in which the force for closing the main contacts is provided by using compressed air 
under the control of electrically operated valves 

3.2.14 
single-step starter 

starter in which there is no intermediate accelerating position between the OFF and ON 
positions 

NOTE This starter is a direct-on-line starter (see 3.2.2). 

3.2.15 
two-step starter 

starter in which there is only one intermediate accelerating position t>etween the OFF and ON 
positions 

Example: A star-delta starter is a two-step starter 

3.2.16 

n-step starter (see figure 4) 

starter in which there are (n-1) intermediate accelerating positions between the OFF and ON 

positions 

Example: A three-step rheostatic starter has two sections of resistors used for starting. 

[lEV 441-14-41] 

3.2.17 

phase loss sensitive thermal overload relay or release 

multipole thermal overload relay or release which operates in the case of overload and also in 
case of loss of phase in accordance with specified requirements 

3.2.18 

under-current (under-voltage) relay or release 

measuring relay or release which operates automatically when the current through it (or the 
voltage applied to it) is reduced below a pre-determined value 

3.2.19 

starting time (of a rheostatic starter) 

period of time during which the starting resistors or parts of them carry current 
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3.2.20 

starting time (of an auto-transformer starter) 

period of time during which the auto-transformer carries current 

NOTE to 3.2.19 and 3.2.20 Th* starting tima of a starter is stiortar than the total starting time of the motor which 
takes into account the last period of acceleration following the switching operation ON position. 

3.2.21 

open transition (with an auto-transformer starter or star-delta starter) 

circuit arrangement such that the supply to the motor is interrupted and reconnected when 

changing over from one step to another 

NOTE The transition stage is not considered an additional step. 

3.2.22 

closed transition (with an auto-transformer starter or star-delta starter) 

circuit arrangement such that the supply to the motor is not interrupted (even momentarily) 
when changing over from one step to another 

NOTE The transition stage is not considered an additional step. 

3.2.23 

inching (logging) 

energizing a motor or solenoid repeatedly for short periods to obtain small movements of the 
driven mechanism 

3.2.24 
plugging 

•topping or reversing a motor rapidly by reversing the motor primary connections while the 
motor is running 

3.3 Characteristic quantities 

3.3.1 Transient recovery voltage (abbreviation: TRV) [lEV 441-17-26] 

Subclause 2.5.34 of part 1 applies with the follownng addition. 

ISIL^il^^^ '" 'fl!!.*"^^*'^ '" • ""'""" «=«"««<=««>' Of starter, the highest transient recovery voltage 
may occur on an other pole than the first pole to clear. 

4 Classification 

Subclause 5.2 gives ail the data which may be used as criteria for classification. 
8 Charactaristics of contactors and starters 
5.1 Summary of characteristics 

t^elmfaVe'^piTcaWe*!' " ""**''°' °' ''^''*' '''^" "^ '''^**'* *" ""* '°"°**"fl *«'"«»• ^«^« *"'='' 

- type of equipment (5.2); 

- rated and limiting values for main circuits (5.3); 

- utilization category (5.4); 

- control circuits (5.5); 
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- auxiliary circuits (5.6); 

- types and characteristics of relays and releases (5.7); 

- co-ordination with short-circuit protective devices (5.8); 

- switching overvoltages (5.9); 

- types and characteristics of automatic change-over devices and automatic acceleration 
control devices (5.10); 

- types and characteristics of auto-transformers for two-step auto-transformer starters 
(b.i i); 

- types and characteristics of starting resistors for rheostatic rotor starters (5.12). 
5.2 Type of equipment 

The following shall be stated (see also clause 6). 

5.2.1 Kind of equipment 

- contactor; 

- direct-on-line a.c. starter; 

- star-delta starter; 

- two-step auto-transformer starter; 

- rheostatic rotor starter; 

- comt>ination or protected starter. 

5.2.2 Number of poles 

5.2.3 Kind of current (a.c. or d.c.) 

5.2.4 Interrupting medium (air, oil, gas, vacuum, etc.) 

5.2.5 Operating conditions of the equipment 

5.2.5.1 Method of operation 

For example: manual, electromagnetic, motor-operated, pneumatic, electro-pneumatic. 

5.2.5.2 Method of control 
For example: 

- automatic (by pilot switch or sequence control); 

- non-automatic (such as by hand operation or by push-buttons); 

- semi-automatic (i.e. partly automatic, partly non-automatic). 

5.2.5.3 Method of change-over for particular types of starters 

The change-over for star-delta starters, rheostatic rotor starters or auto-transformer starters 
may be automatic, non-automatic or semi-automatic (see figures 4 and 5). 

5.2.5.4 Method of connecting for particular types of starters 

For example: open transition starter, closed transition starter (see figure 5). 
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5.3 Rated and limiting values for main circuits 

The rated values established for a contactor or starter shall be stated in accordance with 
subclauses 5.3.1 to 5 4. and 5.8 and 5.9, but it may not be necessary to specify all the values 
listed. 

NOTE The rated values established for a rheostatic rotor starter are stated in accordance with 5.3. 1.2, 5.3.2.3. 
5.3.2.4. 5.3.2.6. 5.3.2.7 and 5.3.5.5 but it Is not necessary to specify all the values listed. 

5.3.1 Rated voltages 

A contactor or starter is defined by the following rated voltages. 

5.3.1.1 Rated operational voltage {U^) 

Subclause 4.3.1.1 of part 1 applies. 

5.3.1.1.1 Rated stator operational voltage {U„) 

For rheostatic rotor starters, a rated stator operational voltage is a value of voltage which, 
when comt>ined with a rated stator operational current, determines the application of the 
stator circuit including its mechanical switching devices and to which are referred the making 
and brealcing capacities, the type of duty and the starting characteristics. In no case shall the 
maximum rated operational voltage exceed the corresponding rated insulation voltage. 

NOTE The rated stator operational vottage is expressed as the voltage betvraen phases. 

5.3.1.1.2 Rated rotor operational voltage (U„) 

For rheostatic rotor starters, the value of rated operational voltage is that of the voltage 
which, when combined with a rated rotor operational current, determines the application of the 
rotor circuit including its mechanical switching devices and to which are referred the making 
and tweaking capacities, the type of duty and the starting characteristics. 

This voltage is taken as equal to the voltage measured between slip-rings, with the motor 
stopped and the rotor open-circuited, when the stator is supplied at its rated voltage. 

The rated rotor operational voltage is only applied for a short duration during the starting 
period. For this reason, it is permissible that the rated rotor operational voltage exceed the 
rated rotor insulation voltage by 100 %. 

The maximum voltage between the different live parts (e.g. switching devices resistors, 
connoctmg parts, etc.) of the rotor circuit of the starter virill vary and account may be taken of 
this fact in choosing the equipment and its disposition. 



5.3.1.2 Rated insulation voltage (l/|) 

Subclause 4 3.1.2 of part 1 applies 
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5.3.1.2.1 Rated stator insulation voltage (l/j,) 

For rheostatic rotor starters, the rated stator insulation voltage is the value of voltage which is 
designated for the devices inserted In the stator supply as well as the unit they are part of, 
and to which dielectric tests a^'. ■-rcp--^ -r. distances are referred. 

Unless otherwise stated, the rated stator Insulation voltage is the value of the maximum rated 
stator operational voltage of the starter 

5.3.1.2.2 Rated rotor insulation voltage {U„) 

For rheostatic rotor starters, the rated rotor Insulation voltage Is the value of voltage which is 
designated to the devices Inserted In the rotor circuit as well as the unit they are part of 
(connecting links, resistors, enclosure), and to which dielectric tests and creepage distances 
are referred. 

5.3.1.3 Rated impulse withstand voltage (l/jmp) 

Subclause 4.3.1.3 of part 1 applies. 

5.3.1.4 Rated starting voltage of an auto-transformer starter 

The rated starting voltage of an auto-transformer starter Is the reduced voltage derived from 
the transformer. 

Preferred values of rated starting voltage are 50 %, 65 % or 80 % of the rated operational 
voltage. 

5.3.2 Currents or powers 

A contactor or a starter is defined by the following currents. 

NOTE In the case of a star-delta starter, these currents relate to the delta connection and, In the case of a two- 
step auto-transformer or rheostatic rotor starter, to the ON position. 

5.3.2.1 Conventional free air thermal current [1^) 

Subclause 4.3.2.1 of part 1 applies. 

5.3.2.2 Conventional enclosed thermal current (/th«) 

Subclause 4.3.2.2 of part 1 applies. 

5.3.2.3 Conventional stator thermal current (/a,*) 

The conventional stator thermal current of a starter may be either free air current /o» or 
enclosed current /th*,, in line with 5.3.2.1 and 5.3.2.2. 

For a rheostatic rotor starter, the stator thermal current is the maximum current it can carry on 
eight-hour duty (see 5.3.4.1) without the temperature rise of its several parts exceeding the 
limits specified in 8.2.2 when tested in accordance with 9.3.3.3. 
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5.3.2.4 Conventional rotor thermal current (/thr) 

The conventional rotor thermal current of a starter may be either free air current /thr or 
enclosed current /ther, in line with 5.3.2.1 and 5.3.2.2. 

For rheostatic rotor starters, the rotor thermal current is the maximum current that those parts 
of the starter through which the rotor current flows in the ON position, viz. after cutting out 
resistors, can carry on eight-hour duty (see 5.3.4.1) without their temperature rise exceeding 
the limits specified in 8.2.2 when tested in accordance with 9.3.3.3. 

NOTE 1 For those elements (switching devices, connecting linl<s, resistors) through which a current of practically 
no value flows In the ON position, it should be verified that, for the rated duties (see 5.3.4) stated by the 
manufacturer, the value of integral 



does not lead to temperature rises higher than those appearing in 8.2.2. 

NOTE 2 When resistors are built-in into the starter, the temperature rise should be taken into account. 

5.3.2.5 Rated operational currents (/«) or rated operational powers 

A rated operational cu'rrent of a cotitactor or a starter is stated by the manufacturer and takes 
into account the rated operational voltage (see 5.3.1.1), the conventional free air or enclosed 
thermal current, the rated current of the overload relay, the rated frequency (see 5.3.3), the 
rated duty (see 5.3.4), the utilization category (see 5.4) and the type of protective enclosure, 
if any. 

In the case of equipment for direct switching of individual motors, the indication of a rated 
operational current may be replaced or supplemented by an indication of the maximum rated 
power output, at the rated operational voltage considered, of the motor for which the 
equipment Is intended. The manufacturer shall be prepared to state the relationship assumed 
between the current and the power. 

For starters, the rated operational current (/g) is the current in the ON position of the starter. 

5.3.2.6 Rated stator operational current (/es) or rated stator operational power 

For rheostatic rotor starters, a rated stator operational current is stated by the manufacturer 
and takes into account the rated current of the overload relay installed in this starter, the 
rated stator operational voltage (see 5.3.1.1.1), the conventional free air or enclosed thermal 
current, the rated frequency (see 5.3.3), the rated duty (see 5.3.4), the starting characteristics 
(see 5.3.5.5) and the type of protective enclosure. 

The indication of a rated stator operational current may be replaced by the indication of the 
maximum rated power output, at the rated stator operational voltage considered, of the motor 
for which the stator elements of the starter are intended. The manufacturer shall be prepared 
to state the relationship assumed between the motor power and the stator current. 
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5.3.2.7 Rated rotor operational current (/er) 

For rheostatic rotor starters, a rated rotor operational current is stated by the manufacturer 
and takes into account the rated rotor operational voltage (see 5.3.1.1.2), the conventional 
free air or enclosed rotor thermal current, the rated frequency (see 5.3.3), the rated duty 
(see 5.3.4), the starting characteristics (see 5.3.5.5) and the type of protective enclosure. 

It is taken as equal to the current flowing in the connections to the rotor when the latter is 
short-circuited and the motor is running at full load and the stator is supplied at its rated 
voltage and rated frequency. 

When the rotor part of a rheostatic rotor starter is rated separately, the indication of a rated 
rotor operational current may be supplemented by the rtiaximum rated power output, for 
motors having the rated rotor operational voltage considered, of the motor for which that part 
of the starter (switching devices, connecting links, relays, resistors) is intended. This power 
varies in particular with the breakaway torque foreseen and consequently takes into account 
the starting characteristics (see 5.3.5.5). 

5.3.2.8 Rated uninterrupted current (/„) 

Subclause 4.3.2.4 of part 1 applies. 

5.3.3 Rated frequency ' 
Subclause 4.3.3 of part 1 applies. 

5.3.4 Rated duties 

Subclause 4.3.4 of part 1 applies. 

5.3.4.1 Eight-hour duty (continuous duty) 

Subclause 4.3.4.1 of part 1 applies with the following addition. , . .. 

For a star-delta starter, a two-step auto-transformer starter or a rheostatic rotor-starter, the 
continuous duty is the duty in which the starter is in the ON position and the main contacts of 
the switching devices which constitute it, which are closed in this position, remain closed 
while each of them carries a steady current long enough for the starter to reach thermal 
equilibrium, but not for more than 8 h without interruption. 

5.3.4.2 Uninterrupted duty 

Subclause 4.3.4.2 of part 1 applies with the following addition. 

For a star-delta starter, a two-step auto-transformer starter or a rheostatic rotor starter, the 
uninterrupted duty is the duty in which the starter is in the ON position and the main contacts 
of the switching devices which constitute it, which are closed in this position, remain closed 
without interruption while each of them carries a steady current for periods of more than 8 h 
(weeks, months or even years). 
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5.3.4.3 Intermittent periodic duty or intermittent duty 

Sut)clause 4.3.4.3 of part 1 applies with the following addition. 

For a reduced voltage starter, the intermittent duty is the duty in which the starter is in the ON 
position and the main contacts of the switching devices which constitute it remain closed for 
periods bearing a definite relation to the no-load periods, both periods being too short to allow 
the starter to reach thermal equilibrium. 

Preferred classes of intermittent duty are: 

- for contactors. 1, 3, 12, 30, 120, 300 and 1 200 (operating cycles per hour); 

- for starters; 1, 3, 12 and 30 (operating cycles per hour). 

It is recalled that an operating cycle is a complete working cycle comprising one closing 
operation and one opening operation. 

For starters, an operating cycle comprises starting, running to full speed and switching off the 
supply from the motor. 

NOTE In the case of starters for intermittent duty, the difference between the thermal time-constant of the 
overload relay and that of the motor may render a thermal relay unsuited for overload protection. It is 
recommended that, for installations intended for intermittent duty, the question of overload protection be subject to 
■{^•ement between manufacturer and user. 

5.3.4.4 Temporary duty 

Subclause 4.3.4.4 of part 1 applies. 

5.3.4.5 Periodic duty 

Subclause 4.3.4.5 of part 1 applies. 

5.3.5 Normal load and overload characteristics 
Subclause 4.3,5 of part 1 applies vwth the following additions. 

5.3.5.1 Ability to withstand motor switching overload currents 

Requirements to meet these conditions are given for contactors in 8.2.4.4. 

5.3.5.2 Rated making capacity 

Requirements for the various utilization categories (see 5.4) are given in 8.2 4 1. The rated 
u^^a^LZ ■^^l"^ capacities are only valid when the contactor or the starter is operated in 
accordance with the requirements of 8.2.1.1 and 8,2.1.2. 

5.3.5.3 Rated breaking capacity 

Requirements for the various utilization categories (see 5.4) are oiven in 8 2 4 1 The rated 

ToZT. !Tt;r' '"''''"'' ''' °"'^ ^^'''^ *^«" '"^^ '=«"*^^^°' the starter is operate'd in 
accordancewith the requirements of 8.2.1,1 and 8 2,1.2. 
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5.3.5.4 Conventional operational performance 

This performance is specified as a series of malting and breaking operations in 8.2.4.2. 

5.3.5.5 Starting and stopping characteristics of starters (see figure 6) 
Typical service conditions for starters are: 

a) one direction of rotation with the motor being switched off during running in normal service 
conditions (utilization categories AC-2 and AC-3); 

b) two directions of rotation, but the running in the second direction is realized after the 
starter has been switched off and the motor has completely stopped (utilization categories 
AC-2 and AC-3); 

c) one direction of rotation, or two directions of rotation as in item b), but vflth the possibility 
of infrequent inching (jogging). For this service condition, direct-on-line starters are 
usually employed (utilization category AC-3); 

d) one direction of rotation with frequent inching (jogging). Usually direct-on-line starters 
(utilization category AC-4) are used for this duty; 

e) one or two directions of rotation, but with the possibility of infrequent plugging for stopping 
the motor, plugging being associated. If so provided, with rotor resistor braking (reversing 
starter with braking). Usually a rheostatic rotor starter is used for this duty condition 
(utilization category AC-2); 

f) two directions of rotation, but with the posslt>illty of reversing the supply connections to 
the motor while it is running in the first direction (plugging), in order to obtain Its rotation in 
the other direction, with switching off the motor running in normal service conditions. 
Usually a direct-on-line reversing starter is used for this duty condition (utilization category 
AC-4). 

Unless otherwise stated, starters are designed on the basis of the starting characteristics of 
the motors compatible with the making capacities of table 7. These making capacities cover 
both the transient and steady-state starting currents of the great majority of standard motors 
However, the starting currents for some large motors may attain peak values corresponding to 
power factors considerably lower than those specified for the test circuit in table 7. In these 
cases, the operational current of the contactor or starter should be decreased to a value lower 
than its rated value such that the making capacity of the contactor or starter is not exceeded 

5.3.5.5.1 Starting characteristics of rheostatic rotor starters 

A distinction shall be drawn between the currents and voltages in the stator and rotor circuits 
of slip-ring motors. However, the changes of the current values in stator and rotor circuits, 
caused by the various steps of the starting process, are nearly proportional under normal 
operating conditions. 
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The following definitions deal mainly witli the characteristics of the rotor circuit: 

U«r = rated rotor operational voltage; 

l„ = rated rotor operational current; 

2, = characteristic impedance of the rotor of an a.c. slip-ring induction motor; 

where 

/t is the current in the rotor circuit immediately before shorting out a resistor section; 
^2 is the current in the rotor circuit immediately after shorting out a resistor section; 

/„ = 1/2(/i+/2): 

T, is the rated motor operational torque; 

^ is the starting time (see 3.2.19); 

k is the severity of start = —^ . 

'•r 

It is recognized that many rheostatic rotor starter applications have very specific starting 
requirements which may result not only in a different number of starting steps and different 
values of 1^ and I2, but also in the values of l\ and /j being different for individual resistor 
sections. Therefore, no attempt has been made to lay down standard parameters, but the 
fotlowing factors should be taken into consideration: 

- for most applications, between two and six starting steps are adequate depending upon 
load torque, inertia and the severity of start required; 

- the resistor sections should be designed to have adequate thermal ratings bearing in mind 
the starting time of the drive, which will be dependent upon load torque and load inertia. 



S.3.S.5.2 Standard conditions for malting and breaking corresponding to 
ttia starting charteteristics for rheostatic rotor starters 

These conditions are given in table 7 and apply to starting with high torque. (For the 
designation of the mechanical switching devices, see figure 4.) 

NOTE CondMon* for starting with fun torqu* ar)tl half torqu* arc under considaration. 

The conations for malcing and breaking as given in table 7 for AC-2 utilization category are 
considered as standard. 

The stisrter circuit shall be designed to open all rotor resistor switching devices t>efore or 
approximately simultaneously with the opening of the stator switching device Otherwise, the 
stator switching device shall comply with AC-3 requirements. 
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5.3.5.5.3 Starting characteristics for two-step auto-transformer starters 

Unless otherwise stated, the auto-transformer starters and specifically the auto-transformers 
are designed on the condition that the starting time (see 3.2.20) for all classes of duty 
(see 5.3.4) shall not exceed 15 s. The numl>er of starting cycles per hour assumes equal 
periods between starts except that, in the event of two operating cycles being made in rapid 
succession, the starter and the auto-transformer shall be allowed to cool to ambient air 
temperature before a further start is made. 

When a starting time in excess of 15 s is required, this shall be the subject of agreement 
between manufacturer and user. 

5.3.6 Rated conditional short-circuit current 

Subclause 4.3.6.4 of part 1 applies. 

5.4 Utiiization category 

Subclause 4.4 of part 1 applies with the following additions. 

For contactors and starters, the utilization categories as given in table 1 are considered 
standard. Any other type of utilization shall be based on agreement between manufacturer 
and user, but information given in the manufacturer's catalogue or tender may constitute such 
an agreement. 

Each utilization category is characterized by the values of the currents, voltages, power- 
factors or time-constants and other data of tables 7 and 8, and by the test conditions specified 
In this standard. 

For contactors or starters defined by their utilization category, it is therefore unnecessary to 
specify separately the rated making and breaking capacities as these values depend directly 
on the utilization category as shown In table 7. 

The voltage for all utilization categories Is the rated operational voltage of a contactor or a 
starter other than a rheostatic rotor starter, and the rated stator operational voltage for a 
rheostatic rotor starter. 

All direct-on-line starters belong to one or more of the following utilization categories: AC-3, 
AC-4, AC-7b, AC-8a and AC-8b. 

All star-delta and two-step auto-transformer starters belong to utilization category AC-3. 

Rheostatic rotor starters belong to utilization category AC-2. 

5.4.1 Assignment of utilization categories based on the resulta of tests 

a) A contactor or starter which has been tested for one utilization category or at any 
combination of parameters (such as highest operational voltage and current, etc.) can be 
assigned other utilization categories without testing provided that the test currents, 
voltages, power-factors or time-constants, numljer of operating cycles, on and off times 
given in tables 7 and 8, and the test circuit for the assigned utilization categories are not 
more severe than those at which the contactor or starter has been tested and the 
temperature rise has been verified at a current not less than the highest assigned rated 
operational current in continuous duty. 
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For example, when tested for utilization category AC-4, a contactor may be assigned 
utilization category AC-3 provided /efor AC-3 is not higher than 1,2 /efor AC-4 at the same 
rated operational voltage. 

b) DC-3 and DC-5 contactors are assumed to be capable of opening and closing loads other 
than those on which they have been tested provided that. 

- the voltage and current do not exceed the specified values of U^ and /el 

- the energy J stored in the actual load is equal to or less than the energy J^ stored In 
the load with which they were tested. 

The values of the energy stored in the test circuit are as follovra: 



utilization category 


Stored energy J^ 


DC-3 
DC-5 


0,00525 » u, » ;, 
0,0315 >• U, » /, 



The values of the constants 0,00525 and 0,0315 are derived from: 

Jc=1/2L/2 

where the time-constant has been replaced by: 

2.5 « 10-3 8 (DC-3) and: 
15 » 10-3 8 (DC-5) 

and where U = 1,05 t/,, / = 4 /.and L is the inductance of the test circuit. 
(See table 7 of this standard.) 
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Table 1 - Utilization categories 



Kind of currant 


Utilization categories 


Typical applications 


AC 


AC-1 
AC-2 
AC-3 

AC-4 
AC-Sa 
AC-5b 
AC-6a 
AC-6b 
AC-7a3) 

AC-7b3) 
AC-Sa 

AC-8b 


hton-induetive or slightly inductive loads, resistance furnaces 
Slip-ring motors: starting, switching off 

Squirrel-cage motors: starting, switching off motors during 

running') 

Squirrel-cage motors: starting, plugging, inching 

Switching of electric discharge lamp controls 

Switching of incandescent lamps 

Switching of transformers 

Switching of capacitor banks 

Slightly inductive loads in household appliances and similar 
applications 

Motor-loads for household applications 

Hermetic refrigerant compressor motor^) control with manual 
resetting of overload releases 

Hermetic refrigerant compressor motor') control with automatic 
resetting of overload releases 


IX 


OC-1 
DC-3 

DC-5 

□C-6 


Non-inductive or slightly inductive loads, resistance furrMces 

Shunt-motors: starting, plugging, inching 

Dynamic breaking of d.c. motors 

Series-motors: starting, plugging, inching 

Dynamic breaking of d.c. motors 

Switching of incandescent lamps 


^) AC-3 category may b« used for occasional inching (jogging) or plugging for limKad tima periods such as 
machine set-up; during such limited tima periods, the number of such operations should not exceed five per 
minute or more than tan in a 10-min period. 

*) A hermetic refrigerant compressor motor is a combination consisting of a compressor and a motor, both of 
which are enclosed in the same housing, with no external shaft or shaft seals, the motor operating in ttta 
refrigerant. 

3) For AC-7a and AC-7b, see lEC 61095. 
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5.5 Control circuits 

Subclause 4,5 of lEC 60947-1 applies; moreover, for an electronically controlled electro- 
magnet, 4.5.1 of lEC 60947-1 applies with the following addition. 

The electronic part may form an integral part or a separate part provided it is an intrinsic 
function of the device. In both cases, the device shall be tested with this electronic part 
mounted as in normal use. 

The characteristics of electronic control circuits are as follows; 

- type of current; 

- power consumption; 

- rated frequency (or d.c); 

- rated control circuit voltage, U^ (nature: a.c./d c); 

- rated control supply voltage, U, (nature: a.c./d.c); 

- nature of external control circuit devices (contacts, sensors, optocouplers, electronic 
active components, etc). 

Annex E gives examples and illustrations of different circuit configurations. 

NOTE A distinction is mad* between tlie control circuit voltage 1/^, which is the controlling input signal, and the 
ceirtrol supply voltage (/g, which is the voltage applied to energize the power supply terminals of the control circuit 
•quipment and may be different from Ug due to the presence of built-in transformers, rectifiers, resistors, electronic 
circuitry, etc. 

5.8 Auxiliary circuits 

Subclause 4.6 of part 1 applies. 

5.7 Characteristics of relays and releases (overload relays) 

NOTE In the remainder of this standard, the words 'overload relay* will Im taicen to apply equally to an overload 
relay or an ovartoad release, as appropriate. 

5.7.1 Summary of characteristics 

The characteristics of relays and releases shall be stated in the following terms, whenever 
applicable: 

- types of relay or release (see 5.7.2); 

- characteristic values (see 5 7.3); 

- designation and current settings of overload relays (see 5.7.4); 

- time-current characteristics of overload relays (see 5.7.5); 

- influence of ambient air temperature (see 5.7.6). 

5.7.2 Types of relay or release 

a) Release with shunt coil (shunt trip). 

b) Under-voltage and under-current opening relay or release. 

c) Overload time-delay relay the time-lag of which is: 
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1) substantially independent of previous load (eg time-delay magnetic overload relay); 

2) dependent on previous load (e.g. thermal overload relay); 

3) dependent on previous load (eg. thermal overload relay) and also sensitive to phase 
loss (see 3.2.17). 

d) Instantaneous over-current relay or release (vi^hen applicable). 

e) Other relays or releases (eg phase loss sensitive relay, control relay associated with 
devices for the thermal protection of the starter). 

NOTE Typ«s referred to in items d) and e) require consunation between manufacturer and user according to the 
particular application. 

5.7.3 Characteristic values 

a) Release with shunt coil, under-voltage (under-current) opening relay or release: 

- rated voltage (current); 

- rated frequency; 

- operating voltage (current). 

b) Overload relay: 

- designation and current settings (see 5.7.4); 

- rated frequency, when necessary (for example in the case of a current transformer 
operated overload relay); 

- time-current characteristics (or range of characteristics), when necessary; 

- trip class according to classification in table 2, or the value of the maximum tripping 
time, In seconds, under the conditions specified in 6 2 1.5 1, table 3, column D, when 
this'tlme exceeds 30 s; 

- number of poles; 

- nature of the relay: thermal, magnetic or solid state. 

Table 2 - Trip classes of thermal, time-delay magnetic or solid stats overload relays 



Trip class 


Tripping time T. under the conditions specified 
In 8.2.1.6.1, table 3, column 

s 


1CA 
10 
20 

30 


2<rpS 10 

4 <Tf S 10 
8 <rp S 20 
9<rpS30 


NOTE 1 Depending on the nature of the relay, the tripping conditions are given in 8.2.1.5. 

NOTE 2 In the case of a rheostatic rotor starter, the overload relay is commonly inserted in the stator cIrcuK. 
As a resuK, it cannot efficiently protect the rotor circuit and mora particulaily the resistors (generally more easily 
damageable than the rotor itself or the swKching devices in case of a faulty start); protection of the rotor c^ult 
should be the subject of a specific agreement between manufacturer and user (see. inter alia. 8.2.1.1.3). 

NOTE 3 In the case of a two-step auto-transformer starter, the starting auto-transformer is normally designed 
for use during the starting period only: as a result, it cannot be efficiently protected by the overload relay in the 
event of faulty starting. Protection of the auto-transformer should be the subject of specific agreement between 
manufacturer and user (see 8.2.1.1.4). 

NOTE 4 The lower limiting values of T^ are selected to allow for differing heater characteristics and 
manufacturing tolerances. 
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5.7.4 Designation and current settings of overload relays 

Overload relays are designated by their current setting (or the upper and lower limits of the 
current setting range, if adjustable) and their trip class. 

The current setting (or current setting range) shall be marked on the relays. 

However, if the current setting is influenced by the conditions of use or other factors which 
cannot readily be marked on the relay, then the relay or any interchangeable parts thereof 
(e.g. heaters, operating coils or current transformers) shall carry a number or an identifying 
mark which makes it possible to obtain the relevant information from the manufacturer or his 
catalogue or, preferably, from data furnished with the starter 

in the case of current transformer operated overload relays, the marking may refer either to 
the primary current of the current transformer through which they are supplied or to the 
current setting of the overload relays. In either case, the ratio of the current transformer shall 
be stated. 

5.7.5 Time-current characteristics of overload relays 

Typical time-current characteristics shall be given in the form of curves supplied by the 
manufacturer. These curves shall indicate how the tripping time, starting from the cold state 
(see 5.7.6), varies with the current up to a value of at least eight times the full-load current of 
the motor with which it is intended that the relay be used. The manufacturer shall be prepared 
to indicate, by suitable means, the general tolerances applicable to these curves and the 
conductor cross-sections used for establishing these curves (see 9.3.3.2.2, item c)). 

NOTE It it racommandad that tha currant ba plotted as abscissae and the time as ordlnates. using logarithmic 
acalaa. K i* racommandad that tha currant l>e plotted as multiples of the setting current and the time in seconds on 
Iha standard graph sheet detailed in 5.6.1 of lEC 60269-1, in lEC 60269-2 (figure 1) and in figures 4(1), 3(11) and 
4<ll)o(IECfl02e9-2-1. 

5.7.6 lnflu«nc« of ambient air temperature 

The time-current characteristics (see 5.7.5) refer to a stated value of ambient air temperature, 
and are based on no previous loading of the overload relay (viz. from an initial cold state). 
Thia value of the ambient air temperature shall be clearly given on the time curves; the 
preferred values are +20 *C or >40 *C. 

The overload relays shall be able to operate within the ambient air temperature range of -5 'C 
to MO 'C. and the manufacturer shall be prepared to state the effect of variation in ambient 
air temperature on the characteristics of overload relays. 

5.8 Co-ordination with short-circuit protective devices 

The co-ordination of contactors and starters is characterized by the type ratings and 
charactenstiM of the short-circuit protective devices (SCPD) that provide protection of the 
contactor and starter against short-circuit currents Requirements are given in 8 2 5 1 and 
8.2.5.2 of this standard, and in 4.8 of lEC 60947-1. 
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5.9 Switching overvoltages 

Subclause 4.9 of part 1 applies. 

Requirements are given in 8.2.6. 

5.10 Types and characteristics of automatic change-over devices and 
automatic acceleration control devices 

5.10.1 Types 

a) Time-delay devices, e.g. time-delay contactor relays (see lEC 60947-5-1) applicable to 
control-circuit devices or specified-time all-or-nothing relays (see lEC 61610-1). 

b) Undercurrent devices (undercurrent relays). 

c) Other devices for automatic acceleration control: 

- devices dependent on voltage; 

- devices dependent on power; 

- devices dependent on speed. 

5.10.2 Characteristics 

a) The characteristics of time-delay devices are: 

- the rated time-delay or its range, if adjustable; 

- for time-delay devices fitted with a coll, the rated voltage, when it differs from the 
starter line voltage. 

b) The characteristics of the undercurrent devices are: 

- the rated current (thermal current and/or rated short-time withstand current, according 
to the indications given by the manufacturer); 

- the current setting or its range, if adjustable. 

c) The characteristics of the other devices shall be determined by agreement between 
manufacturer and user. 

5.11 Types and characteristics of auto-transformers for two-step 
auto-transformer starters 

Account being taken of the starting characteristics (see 5.3 5 5.3), starting auto-transformers 
shall be characterized by: 

- the rated voltage of the auto-transformer; 

- the numtier of taps available for adjusting the starting torque and currant; 

- the starting voltage, i.e. the voltage at the tapping terminals, as a percentage of the rated 
voltage of the auto-transformer; 

- the current they can carry for a specified duration; 

- the rated duty (see 5.3.4); 

r air-cooling; 

- the method of cooling J 

I oil-coohng. 

The auto-transformer can be: 

- either built-in into the starter, in which case the resulting temperature rise has to be talcen 
into account in determining the ratings of the starter; 

- or provided separately, in which case the nature and dimensions^ of the connecting linlw 
have to be specified by agreement t>etween the manufacturer of the transformer and the 
manufacturer of the starter. 
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5.12 Types and characteristics of starting resistors for rheostatic rotor starters 

Account being talcen of the starting characteristics (see 5.3.5.5.1), the starting resistors shall 
t>e characterized by: 

- the rated rotor insulation voltage {U„), 

- their resistance value; 

- the mean thermal current, defined by the value of steady current they can carry for a 
specified duration; 

- the rated duty (see 5.3.4); 

free air; 
forced air; 
oil-immersion. 



- the method of cooling 



They can be: 

- either built-in into the starter, in vi/hich case the resulting temperature rise has to be limited 
in order not to cause any damage to the other parts of the starter; 

- or provided separately, in which case the nature and dimensions of the connecting linlcs 
have to be specified by agreement between the manufacturer of the resistors and the 
manufacturer of the starter. 

$ Product information 

6.1 Nature of information 

The following information shall be given by the manufacturer. 

6.1.1 Identification 

a) manufacturer's name or trade mark; 

b) type designation or serial number; 

c) number of this standard, If the manufacturer claims compliance. 

6.1.2 Characteristics, luisic rated values and utilization 
CharactBrtstlca: 

d) rated operational voltages (see 5.3 1.1); 

e) utilization category and rated operational currents (or rated powers), at the rated 
operational voltages of the equipment (see 5.3.2.5 and 5.4); 

f) either the value of the rated freque ncy/frequencies, e.g. 50 Hz or 50 H2/6O Hz or the 
indication "d.c." (or the symbol ••»); 

g) rated duty with the indication of the class of intermittent duty, if any (see 5.3.4). 
Associated values: 

h) rated making and breaking capacities These indications may be replaced where 
applicable, by the indication of the utilization category (see table 7). 

Safaty and installation: 

i) rated insulation voltage (see 5 3 12); 

j) rated impulse vnthstand voltage (see 5 3 1.3); 
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k) IP code, in case of an enclosed equipment (see 6.1 11); 

I) pollution degree (see 7.1.3.2); 

m) rated conditional short-circuit current (see 5.3 6) and type of co-ordination of the contactor 
or starter (see 8 2.5.1) and the type, current rating and characteristics of the associated 
SCPD; 

rated conditional short-circuit current (see 5.3 6) of the comtjtnation starter or protected 
starter and type of co-ordination (see 8.2.5.1); 

n) switching overvoltages (see 5.9). 
Control circuits: 

The following information concerning control circuits shall be placed either on the coil or on 
the equipment: 

o) rated control circuit voltage (Uc), nature of current and rated frequency; 

p) if necessary, nature of current, rated frequency and rated control supply voltage (C/«). 

Air supply systems for starters or contactors operated by compressed air: 

q) rated supply pressure of the compressed air and limits of variation of this pressure, if they 
are different from those specified in 8.2.1.2. 

Auxiliary circuits: 

r) ratings of auxiliary circuits (see 5.6). 

Overload relays and releases: 

s) characteristics according to 5.7. 

Additional information for certain types of contactor and starter: 

Rheostatic rotor starters: 

t) circuit diagram; 

u) severity of start (see 5.3.5.5.1); 

V) starting time (see 5.3.5.5.1). 

Auto-transformer starters: 

w) rated starting voltage(s), i.e. voltage(s) at the tapping terminals 

NOTE This vatu* may be exprassad as a pereantaga of tha ratad oparational voltaga of ttta stiitar. 

Vacuum contactors and starters: 

X) maximum permissible altitude of the site of installation, if less than 2 000 m. 

EMC: 

y) environment A or B: see 7.3 1 of lEC 60947-1; 

z) special requirements, if applicable, for example shielded or twisted conductors. 

NOTE Unshieldad or untwistad conductors are considered as normal insUliation conditions. 
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6.2 Marking 

Subclause 5.2 of part 1 applies to contactors, starters and overload relays with the following 
additions. 

Data under items d) to x) In 6.1.2 shall be included on the nameplate or on the equipment or 
in the manufacturer's published literature. 

Data under items c) and k) in 6.1.2 shall preferably be marked on the equipment. 

In the case of electronically controlled electromagnets, information other than that given in o) | 
and p) of 6.1.2 may also be necessary; see also 5.5 and annex E. 

6.3 Instructions for installation, operation and maintenance 

Subclause 5.3 of part 1 applies with the following addition. 

Information shall be provided by the manufacturer to advise the user on the measures to be 
taken with regard to the equipment In the event of a short-circuit and the measures to be 
taken with regard to the equipment, if any, concerning EMC. 

In the case of protected starters (see 3.2.8), the manufacturer shall also provide the 
necessary mounting and wiring Instructions. 

7 Normal service, mounting and transport conditions 

Clause 6 of part 1 applies with the follovring additions. 

7.1.3.2 Degrees of pollution 

Unless othenwise stated by the manufacturer, a contactor or a starter is for use in pollution 
degree 3 environmental conditions, as defined in 6.1.3.2 of part 1. However, other pollution 
degrees may be considered to apply, depending upon the micro-environment. 

8 Constructional and performance requirements 

8.1 Constructional requirements 

lS^.u^!!Tl'l'r2f7*r51?~^T'T^ !l?"l*" ■"" '""•n»-<»"ying P»t» .r. und.r consktomtion fbr 
•uMauM* 71.1 and 7.1.2 of part 1 . Thair application to this standard will b« sut>iaet to furthar eonsidaration. 

8.1.1 Materials 

Subclause 7.1.1 of part 1 applies (see note to 8.1). 

8.1.2 Current-carrying parts and tlteir connections 

Subclause 7.1.2 of part 1 applies (see note to 8.1). 

8. 1 .3 Clearances and creepage distances 

Subclause 7.1.3 of lEC 60947-1 applies. 
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8.1.4 Actuator 



Subclause 7.1.4 of part 1 applies when the actuator is manually operated with the following 
addition. 

The operating handle of the manually operated switching device of a combination starter shall 
be provided with means for padlocking it in the OFF position. 

8.1.4.3 Mounting 

Actuators mounted on removable panels or opening doors shall be so designed that, when the 
panels are replaced or the doors closed, the actuator will engage correctly vinth the associated 
mechanism. 

8.1.5 Indication of tlie contact position 

8.1.5.1 indicating means 

Subclause 7.1.5.1 of part 1 applies to manually operated starters. 

8.1.5.2 indication by the actuator 

Subclause 7.1.5.2 of part 1 applies. 

8.1.6 Additional safety requirements for equipment with isolating function 

Sutxslause 7.1.6 of I EC 60947-1 applies with the addition of the following paragraphs to 
subclause 7.1.6.1 of that standard. 

Devices provided with positions like trip position or stand-by position which are not the 
indicated open position shall be clearly marked. 

An actuator having only one position of rest shall not be considered as appropriate to indicate 
the position of the main contact. 

8.1.7 Terminals 

Subclause 7.1.7 of part 1 applies v^th, however, the following additional requirement. 

8.1.7.4 Terminal identification and marldng 

Subclause 7.1.7.4 of part 1 applies with additional requirements as given in annex A. 

8.1.8 Additional requirements for contactors or starters provided with a neutral pole 

Subclause 7.1.8 of part 1 applies. 

8.1.9 Provisions for earthing 

Subclause 7.1.9 of part 1 applies. 
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8.1.10 Enclosures for equipment 

Subclause 7.1.10 of part 1 applies with the following additions. 

Starting resistors mounted within an enclosure shall be so located or guarded that issuing 
heat is not detrimental to other apparatus and materials withm the enclosure. 

For the specific case of combination starters, the cover or door shall be interlocked so that it 
cannot be opened without the manually operated switching device being in the open position_ 
However, provision may be made to open the door or cover wnth the manually operated 
switching device in the ON position by the use of a tool. 

8.1.11 Degrees of protection of enclosed contactors and starters 
Subclause 7.1.11 of part 1 applies. 

8.2 Performance requirements 
8.2.1 Operating conditions 
8.2.1.1 General 

Subclause 7.2.1.1 of part 1 applies vinth the following additions. 

8.2.1.1.1 Starters shall be so constructed that they: 

a) are trip free; 

b) can be caused to open their contacts by the means provided when running and at any time 
during the starting sequence; 

c) will not function in other than the correct starting sequence. 

8.2.1.1.2 Starters employing contactors shall not trip due to the shocks caused by operation 
of the contactors when tested according to 9.3.3.1, after the starter has carried its rated full 
load current at the reference ambient temperature (i.e. -^20 °C) and has reached thermal 
equilibrium at t>oth minimum and maximum settings of the overload relay, if adjustatile. 

8.2.1.1.3 For rheostatic starters, the overload relay shall be connected in the stator circuit. 
Special arrangements may be made to protect the rotor contactors and resistors against 
overheating. If requested by the user. 

8.2.1.1.4 When starters are used In conditions in which the overheating of the starting 
resistors or transformers would represent an exceptional hazard, it is recommended that a 
suitable device be fitted to switch off the starter automatically before a dangerous 
temperature is reached. 

8.2.1.1.5 The moving contacts of multipote equipment intended to make and break together 
shall be so mechanically coupled that all poles make and break substantially together, 
whether operated manually or automatically. 
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8.2.1.2 Limits of operation of contactors and power-operated starters 

8.2.1.2.1 Electromagnetic contactors and starters 

Electromagnetic contactors, whether used separately or In starters, shall close satisfactorily at 
any value between 85 % and 110 % of their rated control supply voltage C/,. Where a range is 
declared, 85 % shall apply to the lower value and 110 % to the higher. 

The limits between which contactors shall drop out and open fully are 75 % to 20 % for a.c. 
and 75 % to 10 % for d.c. of their rated control supply voltage U^. Where a range is declared, 
20 % or 10 %, as the case may be, shall apply to the higher value and 75 % to the lower. 

Limits for closing are applicable after the colls have reached a stable temperature 
corresponding to indefinite application of 100 % L/, in an ambient temperature equivalent to 
the ambient temperature declared by the manufacturer but not less than '•■40 *C. 

Limits for drop-out are applicable with the coil circuit resistance at -5 *C. This can t>e verified 
by calculation using values obtained at normal ambient air temperature. 

The limits apply to d.c. and a.c. at declared frequency. 

8.2.1.2.2 Contactors and starters with electronically controlled electromagnet 

Subclause 8.2.1.2.1 applies with the following modification. 

Replace the second paragraph as follows: 

The limits between which contactors writh an electronically controlled electromagnet shall drop 
out and open fully are 

- for d.c: 75 % to 10 % of their rated control supply voltage U, 

- for a.c: 75 % to 20 % of their rated control supply voltage t/,, 

- for a.c: 75% to 10% of their rated control supply voltage U, if specified by the 
manufacturer, 

- for a.c, where a range is declared with limits between 75 % to 10 % of their rated control 
supply voltage U,, the contactor shall, in addition, be submitted to the capacitive drop out 
test of 8 2.1.2 4 

Where a range is declared, 20 % or 10 % as the case may be, shall apply to the higher value 
of the range and 75 % to the lower value of the range. 

8.2.1.2.3 Electro-pneumatic contactors and starters 

Electro-pneumatic and pneumatic contactors shall close satisfactorily with the air supply 
pressure between 85 % and 1 10 % of the rated pressure and open between 75 % and 10 % of 
the rated pressure. 
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8.2.1.2.4 Capacltive drop out test 

A capacitor C shall be inserted in series in the supply circuit (J, the t°<.f' '«"9th of the 
conS conductors being .3 m. The capacitor is short-circu^ed by a sw.tch of negl.g.ble 
impedance. The supply voltage shall then be adjusted to 110 ^ U^- 

It shall be verified that the contactor drops out when the switch is operated to the open 
position. 

The value of the capacitor shall be 

C (nF) = 30 + 200 000 / (f x Us) 

e.g. for a coil rated 12. .24 V - 50 Hz, the capacitor value is 196 nF (calculation made with U^ 

max.. see note 1). 

NOTE 1 tlie test voltag« is the highest value of the declared rated supply voltage range Us 

NOTE 2 The value of the capacitor is calculated in order to simulate a 100 m long cable of 1 .5 mm2 connected to 

a static output having a 1 ,3 mA leakage current. 

NOTE 3 Tl»e drop out time should be specified for particular uses, e.g. emergency breaking. 

8.2.1.3 Limits of operation of under-voltage relays and releases 
Subclause 7.2.1.3 of part 1 applies. 

8.2.1.4 Limits of operation of shunt-coil operated releases (shunt trip) 
Subclause 7.2.1.4 of part 1 applies. 

8.2.1.5 Limits of operation of current operated relays and releases 

8.2.1.5.1 Limits of operation of time-delay overload relays when all poles are energized 

The relays shall comply with the requirements of table 3 when tested as follows: 

a) with the overload relay or starter in its enclosure, if normally fitted, and at A times the 
current setting, tripping shall not occur in less than 2 h starting from the cold state, at the 
value of reference ambient air temperature stated in table 3. However, when the overioad 
relay terminals have reached thermal equilibrium at the test current in less than 2 h, the 
test duration can be the time needed to reach such thermal equilibrium; 

b) when the current is subsequently raised to B times the current setting, tripping shall occur 
in less than 2 h; 

c) for class 10 A overioad relays energized at C times the current setting, tripping shall occur 
in less than 2 min starting from thermal equilibrium, at the current setting, in accordance 
with 8.2.3 of lEC 60034-1; 

d) for class 10, 20 and 30 overload relays energized at C times the current setting, tripping 
shall occur in less than 4, 8 or 12 min respectively, starting from thermal equilibrium, at 
the current setting; 

e) at D times the current setting, tripping shall occur within the limits given in table 2 for the 
appropriate trip class, starting from the cold state. 
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In the case of overload relays having a current setting range, the limits of operation shall 
apply v/hen the relay is carrying the current associated with the maximum setting and also 
when the relay Is carrying the current associated with the minimum setting. 

For non-compensated overload relays, the current multiple/amt>ient temperature characteristic 
shall not be greater than 1,2%/K. 

NOTE 1 ,2%/K is tha derating charactaristic of PVC-insulatad conductors. 

An overload relay is regarded as compensated if it complies with the relevant requirements of 
table 3 at ■•■20 °C and is within the limits shown In figure 7 at other temperatures. 

Table 3 - Limits of operation of time-deiay overload relays when energized on all pdes 



Type of overload relay 


Multiples of current setting 


Reference ambient 
air temperature 


A 


B 


C 


D 


- Thermal type not compensated 
for ambient air temperature 
variations 

- Magnetic type 


1,0 


1,2 


1,5 


7,2 


♦40 'C 


Thermal type compensated for 
ambient air temperature variations 


1,05 


1,2 


1,5 


7,2 


♦20 'C 



8.2.1.5.2 Limits of operation of three-pole thermal overload relays 
energized on two poles 

With reference to table 4: 

The overload relay or starter shall be tested in its enclosure if normally fitted With the relay 
energized on three poles, at A times the current setting, tripping shall not occur in less than 
2 h, starting from the cold state, at the value of the ambient air temperature stated in table 4. 

Moreover, when the value of the current flowing in two poles (in phase loss sensitive relays, 
those carrying the higher current) is increased to S times the current setting, and the third 
pole de-energized, tripping shall occur in less than 2 h. 

The values shall apply to all combinations of poles. 

In the case of thermal overload relays having an adjustable current setting, the characteristics 
shall apply both when the relay is carrying the current associated with the maximum setting 
and when the relay Is carrying the current associated with the minimum setting. 
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Table 4 - Limits of operation of three-pole thermal overload relays 
when energized on two poles only 



Type of thermal overload relay 


Multiples of current setting 


Reference ambient air 
temperature 


A 


B 


Compensated for ambiant air 
temperature variations. 

Not phase loss sensitive 


3 poles 
1.0 


2 poles 
1.32 

1 pole 



+20 'C 


Not compensated for ambiant air 
temperature variations. 

Not phase loss sensitive 


3 poles 
1.0 


2 poles 
1.25 

1 pole 



♦40 "C 


Compensated for ambient air 
temperature variations. 

Phase loss sensitive 

1 


2 poles 
1.0 

1 pole 
0.9 


2 poles 
1.15 

1 pole 



+20*0 



8.2.1.5.3 Limits of operation of instantaneous magnetic overload relays 

For all values of the current setting, instantaneous magnetic overload relays shall trip vwth an 
accuracy of ±10 % of the value of the published current value corresponding to the current 
setting. 

NOTE Magnetic instantaneous overload relays covered by this standard are not intended for shortKiircuit 
protection. 

8.2.1.5.4 Limits of operation of automatic change over by under-current relays 

- for star-delta starters from star to delta, and 

- for auto-transformer starters from the starting to the ON position 

The lowest drop-out current of an under-current relay shall be not greater than 1 5 times the 
actual current setting of the overload relay which is active in the starting or star 'connection. 
The under-current relay shall be able to carry any value of current, from its lowest current 
setting to the stalled current in the starting position or the star connection, for the tripping 
times determined by the overload relay at its highest current setting. 

8.2.2 Temperature rise 

Itarte« in'^X^ ?J^^w«^^ ''• ^^^^ """^ ^^ ^.^ of part 1 apply to contactors and 
starters in a clean, new condition. 

la^hiTo^'Sr thr.„'!!lt* ""^^^'P^rts of the contactor or starter measured during a test 

.n aw. 5 of tSVtinH,M fn"* '■n*^"f'* '" ®^^^ ^""^ "°* ««««<^ t»^« '*'"*«"9 valuel stated 
in tane 5 of this standard and in 7.2.2 1 and 7.2.2.2 of pirt 1. 

larlltton'^f^r^isl^nSf^rh!'" '°"I°"t*' electromagnet, coil temperature measuring by 

:r.hroc;ri;rotr s'jit^x'm?^^^^^^^^ *" '"'^^ ^ ^^'«- °^''- -*^°<** - p-""°«<' 
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Table 5 - Temperature rise limits for Insulated colls In air and in oil 



Class of insulating material 


Teoiperabire rise limit 
(measured by resisUnce variation) 

K 


Coils in air 


Coils In oil 


E 
B 
F 
H 


S5 

100 
110 
135 
160 


60 
60 
60 


NOTE The classification of insulations is that given in clause 2 of lEC 60085. 



Because, in an auto-transformer starter, the auto-transformer is energized only Intermittently, 
a maximum temperature rise of 15 K greater than the figures in table 5 Is permissible for 
the windings of the transformer when the starter is operated according to the requirements 
of 5.3.4 and 5.3.5.5.3. 

NOTE The temperature rise limits given In table 5 of this standard and in 7.2.2.2 of part 1 are applicable only tf 
the ambient air temperature remains within the limKs -5 *C, +40 *C. 

8.2.2.4 Main circuit 

The main circuit of a contactor or a starter which carries current in the ON position, Including 
the over-current releases which may be associated with it, shall be capable of carrying, 
without the temperature rises exceeding the limits specified in 7.2 2 1 of part 1 when tested In 
accordance with 9.3.3.3.4; 

- for a contactor or starter intended for continuous duty: its conventional thermal current 
(see 5.3.2.1 and/or 5.3.2.2); 

- for a contactor or starter Intended for uninterrupted duty, intermittent duty or temporary 
duty; its relevant rated operational current (see 5.3.2.5). 

8.2.2.5 Control circuits 

Subclause 7.2.2 5 of part 1 applies. 

8.2.2.6 Windings of coils and electromagnets 

8.2.2.6.1 Uninterrupted and eight-iiour duty windings 

With the maximum value of current according to 8.2.2.4 flowing through the main circuit, the 
windings of the colls, including those of electrically operated valves of electro-pneumatic 
contactors or starters, shall withstand, under continuous load and at the rated frequency, if 
applicable, their maximum rated control supply voltage without the temperature rise 
exceeding the limits specified In taWe 5 of this standard and In 7.2.2.2 of part 1. 

NOTE Depending on the technology, e.g. for some kinds of electronically controlled electromagnets, tt»e control 
supply voltage may not be directly applied on the coil winding when connected as in normal service. 
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8.2.2.6.2 Intermittent duty windings 

With no current flowing through the main circuit, the windings of the coils shall withstand, at 
the rated frequency, if applicable, their maximum rated control supply voltage applied as 
detailed in table 6 according to their intermittent duty class, without the temperature rise 
exceeding the limits specified in table 5 of this standard and in 7.2.2.2 of part 1. 

NOTE Depending on the technology, e.g. for some kind of electronically controlled electromagnet, the control 
supply voltage may not be directly applied on the coil winding when connected as in normal service. 

Table 6 - Intermittent duty test cycle data 



Intermittent duty class 


One close-open operating 
cycle every 


Interval of time during which 

the supply to the control coil is 

maintained 


Contactors 


Starters 


1 


1 


3600s 




3 


3 


1200 s 




12 

30 

120 


12 
30 


300 s 

T20s 

30s 


"ON" lime should correspond to 
the on-load factor specified by 
the manufacturer 


300 




12 s 




1200 




3s 





8.2.2.6.3 Specially rated (temporary or periodic duty) windings 

Specially rated windings shall be tested under operating conditions corresponding to the most 
severe duty for which they are intended and their ratings shall be stated by the manufacturer. 

IS^ u.^f^'^'L'' ?'•" *''«*'"0» """y '"C""* eo''» 0' starters which are energized during the starting period only, 
trtp coils of latched contactors and certain magnetic valve coils for interlocking pneumatic contactors or starters. 

8.2.2.7 Auxiliary circuits 
Subclause 7.2.2.7 of part 1 applies. 

8.2.3 Dielectric properties 

Subclause 7.2.3 of lEC 60947-1 applies. 

8.2.4 Normal load and overload performance requirements 

fl?vrn1r8!^"^%T4Ta'ndS.4'°'' "' ""'°^'^ characteristcs according to 5.3.5 are 

8.2.4.1 Making and breaking capacities 

t'^rcoSorSated ?n''table "fTl°' '"^'^*."9 ^"^ "'^^^ng currents without failure under 
operaroniTndicaUd aisled !n 9.^3 ""'"'°" ^^*^«°"^^ ^"^ ''' ""'"'»^ °^ 

The off-time and on-time values given in tables 7 and 7a shall not be exceeded. 
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Table 7 - Making and breaking capacities - 
Making and breaking conditions according to utilization category 



utilization category 


Make and break conditiona 


v. 


w,/u. 


Cos^ 


On-time ^) 

s 


Oft-time 


Number of 

operating 

cycles 


AC-1 
AC-2 
AC-39) 
AC-49) 
AC-5a 
AC-5b 


1.5 
4.08) 

8.0 
10,0 

3.0 
1.53) 


1.05 
1,05 
1,05 
1,05 
1,05 
1.05 


0,8 

0,65 ») 

1) 

1) 

0,45 

3) 


0.05 
0.05 
0.05 
0.05 
0,05 
0,05 


60 


50 
50 
50 
50 
50 
SO 


AC-6a 


10) 1 


AC-6b 
AC-8a 
AC-8b 


S) 

6.0 
6.0 


1,05 
1,05 


1) 



0,05 
0.05 


«) 
«) 


50 
SO 








URms 








DC-1 
DC-3 
DC-5 
DC-6 


1.5 
4.0 
4,0 
1,53) 


1,05 
1,05 
1,05 
1,05 


1,0 

2,5 

15,0 

3) 


0.05 
0,05 
0.05 
0.05 


«) 
») 

S) 

60 


50*1 
S0«) 
50«) 
50*) 


Utilization category 


Make conditions*) 


«". 


UIU, 


Cos^ 


On-time 2) 

s 


Off-time 

s 


Number of 

operating 

cycles 


AC-3 
AC-4 


10 
12 


1,05') 
1,05?) 


1) 
1) 


0.05 
0,05 


10 
10 


SO 
50 


/ ' current made. The malcing currant is expressed in d.c. or a.c. r.m.s. symmetrical values but H is 
understood that, for a.c, the actual peak value during the malcing operation may assume a higher value 
than the symmetrical paalc value. 

>c - current made and broken, expressed In d.c. or a.c. r.m.s. symmetrical values 

1, - rated operational current 

U - applied voltage 

Ur ■ powerfrequency or d.c. recovery voltage 

(/, - rated operational voltage 

Cos ^ • power factor of test circuit 

L/R « time-constant of test circuit 
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Table 7 - (continued) 



») Co» ♦ • 0,45 lor /, fi 10O A; 0.35 for /, > 100 A 

» Th« Hm« may be loss than 0,05 s, provided that contacts are allowed to become property seated before re- 
opening. 
1) Tests to be carried out witi) an incandescent light load. 
*) 25 operating cycles with one polarity and 25 operating cycles with reverse polarity. 

') CapadtWe ratings may be derived by capacitor switching tests or assigned on the basis of established 
practice and experience. As a guide, reference may be made to the formula given in table 7b. This formula 
takes no account of thermal effects due to harmonic currents, and values derived must consequently be 
cenaidered taking temperature rise into account. 

•) Sao table 7a. 

7) For UIU,. a tolerance of ±20 % is accepted. 

*) The values shown are for stator contactors. For rotor contactors, the test shall be made with a current of four 
times ttM rated rotor operational current and a power factor of 0,95. 

*l The make conditions for utilization categories AC-3 and AC-4 shall also t>e verified. The verification may be 
made during the make and break test, but only with the manufacturer's agreement. In this case, the making 
current multiples stwil be as shown for 111^ and the breaking current as shown for IJI,. 25 operating cycles 
shall be made at a control supply voltage equal to 110 % of the rated control supply voltage t/, and 25 
operating cycles at 85 % of (/,. The off-times are to be determined from table 7a. 

1*) The manufacturer shall verify the AC-6a rating by testing with a transformer or may derive the rating from the 
values for AC-3 according to table 7b. 



Table 7a - Relationship between current broken fcand off-time for ttie verification 
of rated making and breaking capacities 



Current broken 1, 


Off-time 


A 


s 


/jS 100 


10 


100 < fc £ 200 


20 


200 < (c S 300 


30 


300 < /c S 400 


40 


400 < Jc S 600 


60 


600 < fc S 800 


80 


800 < /c S 1 000 


108 


1 000 < /c S 1 300 


t40 


1 300 < »t S 1 600 


180 


ieoo<fc 


240 



The off-time values may be reduced if agreed by the manufacturer. 



as 
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Table 7b - Operational current determination tor utilization categories AC-6a and 
AC-db when derived from AC-3 ratings 



Rated operational current 


Detennination from making current 
for utilization category AC-t 


/, (AC-6a) for switching of transformers having inrush 
currant peai(s of not more than 30 times pealc of rated 
current 


0.45 (, (AC-3) 


/, (AC-Sb) for switching of single capacitor banlts in 
circuits having a prospective short-circuit current ('k at 
the location of the capacitor banl( 


(x-lf 
wKh 

x = ,3.3 '•<^^-'' 
'k 
and for 
ii, > 205 f, (AC-3) 


The expression for the operational current /, (AC-6b) emanates from the formula for the highest Inrush eunenl 
peak: 

where 

U, is the rated operational voltage; 

X,. is the short-circuit impedance of the circuit; 

Xc is the reacUnce of the capacitor bank. 

This formula is valid on condition that capacitance on the supply side of the contactor or starter can be negtectml 

and that there is no initial charge on the capacitor. 



6.2.4.2 Conventional operational performance 

Subclause 7.2.4.2 of part 1 applies with the following addition. 

Contactors or starters shall be capable of nnaking and breaking currents without failure under 
the conventional conditions stated in table 8 for the required utilization categories and the 
number of operating cycles indicated as specified in 9.3.3.6. 
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Table 8 - Conventional operaHonal performance - 
Making and breaking conditions according to utilization category 



utilization category 


Make and break test conditions 


. 


/<//. 


Ur/U, 


Cos 4 


On-time 2) 

s 


Off-time 

s 


Number of 

operating 

cycles 


AC-1 


1.0 


1,05 


0,80 


0,05 


3) 


6000") 


AC-2 


2.0 


1,05 


0,65 


0,05 


3) 


6000") 


AC-3 


2.0 


1.05 


1) 


0,05 


3) 


6 000") 


AC-4 


6.0 


1.05 


1) 


0,05 


3) 


6000") 


AC-5a 


2,0 


1,05 


0.45 


0.05 


3) 


6 000") 


AC-5b 


1,07) 


1.05 


n 


0.05 


«) 


6 000") 


AC-6 


9) 


9) 


9) 


9) 


9) 


9) 


AC-8a 


1.0 


1.05 


0.80 


0.05 


3) 


30 000 


AC-ab'O) 


6,0 


1.05 


0,35 


1 
10 


5) 
*) 


5900 
100 








L/R ms 








DC-1 


1,0 


1,05 


1,0 


0,05 


3) 


6 000«) 


DC-3 


2,5 


1,05 


2.0 


0.05 


3) 


6 000«) 


DC-5 2,5 


1.05 


7.5 


0.05 


3) 


6 000«> 


DC-e 1.07) 1,05 


7) 


0.05 


4) 


6 000») 


If • current made or broken. Except for AC-5b, AC-e or DC-6 categories, the maicing current is expressed in 
d.c. or a.c. r.m.s. symmetrical values but It is understood that for a.c. the actual peak' value during the 
making operation may assume a higher value than the symmetrical peak value. 


(, > rated operational currant 




U, ■ power frequency or d.c. recovery voltage 




U, • rated operational voltage 




'» Cos ♦ • 0.45 for /, S 100 A; 0.35 for /, > 100 A. 




») The time may be less than 0.05 s. provided that contacts are allowed to become properly seated before re- 


« These off-times shall be not greater than the values specified in table 7a. 




*) Off-time is 60 s. 




S) Oft-time 1* 9 s. 




•) Off-time i* 90 «. 




'» Tests to be carried out wHh an incandescent light load 




•) 3 000 operating cycles with one polarity and 3 000 operating cycles with reverse polarity. 




•) Under consideration. 




'" ilf* !!' "=*"«°'y *^"'' »'"" •>• "ccompanisd by tests for category AC-fla. The tests 
Omsrsnt Mmpitts. 


may be made on 


'" 5 OOo'o!ff"toS'd°'*'"*** *'^*""° ***""'• **" """"*' "* op;»t\tyQ cycles shall be 1 000 on-load. followed by 



8.2.4.3 Durability 

Subclause 7 2.4.3 of part 1 applies with the following additions. 
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8.2.4.3.1 Mechanical durability 



The mechanical durability of a contactor or starter is verified by a special test conducted at 
the discretion of the manufacturer. Recommendations for conducting this test are given in 
annex B. 

8.2.4.3.2 Electrical durability 

Electrical durability of a contactor or starter is verified by a special test conducted at 
the discretion of the manufacturer. Recommendations for conducting this test are given in 
annex B. 

8.2.4.4 Overload current withstand capability of contactors 

Contactors with utilization categories AC-3 or AC-4 shall withstand the overload currents 
given in table 9, as specified in 9.3.5. 

Table 9 - Overload current withstand requirements 



Rated operational current 


Test current 


Duration of t*«t 


£630 A 


8 X /, max/AC-3 


IDs 


>630A 


6 X /e max/AC-3* 


10* 


* With a minimum value of 5 040 A. 



NOTE This test also covers duties where the current is less than shown in t«t)te 9 and the test duration i« longer 
than 10 s, provided that the tested value of Pt is not exceeded. 

8.2.5 Co-ordination with short-circuit protective devices 

8.2.5.1 Performance under short-circuit conditions (rated conditional 
short-circuit current) 

The rated conditional short-circuit current of contactors and starters backed up by short-circuit 
protective device(s) (SCPD(s)), combination starters and protected starters shall be verified 
by short-circuit tests as specified in 9.3.4. These tests are mandatory: 

a) at the appropriate value of prospective current shown in table 12 (test current V), and 

b) at the rated conditional short-circuit current /q. if higher than test current V. 

The rating of the SCPD shall be adequate for any given rated operational current, rated 
operational voltage and the corresponding utilization category 

Two types of co-ordination are permissible, "1" or "2". The test conditions for both are given 
in 9.3.4.2,1 and 9.3.4.2.2. 

Type "1" co-ordination requires that, under short-circuit conditions, the contactor or starter 
shall cause no danger to persons or installation and may not be suitable for further service 
without repair and replacement of parts. 

Type "2" co-ordination requires that, under short-circuit conditions, the contactor or starter 
shall cause no danger to persons or installation and shall be suitable for further use. The risk 
of contact welding is recognized, in which case the manufacturer shall indicate the measures 
to be taken as regards the maintenance of the equipment. 

NOTE Use of an SCPD not in compliance with the manufacturer's recommendations may invalidate the co- 
ordination. 
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8.2.5.2 Co-ordination at the crossover current between starter and associated SCPD 

Co-ordination at the crossover current between the starter and the SCPD is a special test. 
The way to verify it is described in clause B.4. 

8.2.6 Switching overvoltages 

Subclause 7.2.6 of part 1 applies to contactors and starters for which the manufacturer has 
declared a value of the rated impulse withstand voltage Uimp. 

Suitable test circuits and measuring methods are under consideration. 

8.2.7 Additional requirements for combination starters and protected 
starters suitable for Isolation 

Under consideration. 

8.3 Electromagnetic compatibility (EMC) 

8.3.1 General 

Subclause 7.3.1 of part 1 applies with the following addition. 

Power frequency magnetic field tests are not required because the devices are naturally 
submitted to such fields. Immunity is demonstrated by the successful completion of the 
operational performance capability tests (see 9.3.3.5 and 9.3.3.6). 

This equipment is inherently sensith/e to voltage dips and short time interruptions on the 
control supply; it shall react within the limits of 8.2.1.2 and this is verified by the operating 
limits tests given in 9.3.3.2. 

8.3.2 Immunity 

8.3.2.1 Equipment not incorporating electronic circuits 
Subclause 7.3.2.1 of part 1 applies 

8.3.2.2 Equipment incorporating electronic circuits 
Subclause 7.3.2.2 of part 1 applies. 

The test results are specified using the performance criteria of lEC 61000-4. For convenience 
the performance criteria are quoted here and described in more detail in table 10. 

Performance Test result 

criteria 

1 Normal performance within the specification limits 

2 Temporary degradation, or loss of function or performance which is 
self-recoverable 

3 Temporary degradation, or loss of function or performance which 
requires operator's intervention or system reset. Normal functions 
shall be restorable by simple intervention, for example by manual 
reset or restart. 

There shall not be any damaged component. 
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Table 10 - Specific acceptance criteria for Immunity tests 



Item 


Acceptance criteria | 


1 


2 


1 


Operation of power and 
control circuits 


No maloperation 


Temporary maloperation 
which cannot cause tripping 

Unintentional separation 
or closure of contacts i* 
not accepted 

Self-recoverable 


Tripping of overload relay 

UnintenUorMl taparaUon or 
eloaura of contaeta 

Not self-recoverable 


Operation of displays 
and auxiliary circuits 


No changes to visit>la 
display information 

Only slight light intensity 
fluctuations of LEDs or 
movement of characters 


Temporary visible changes, 
for axampia unwanted LEO 
illumination 

No maloperation of auxiKaiy 
contacts 


Permanent lose of display 
information 

Maloperation of auxiliary 
contact* 



8.3.3 Emission 

The level of severity required for environment B covers those required for environment A. 

The devices covered by this standard do not generate significant levels of harmonics and 
therefore no harmonic tests are required. 

8.3.3.1 Equipment not incorporating electronic circuits 

Subclause 7.3.3.1 of part 1 applies with the following addition. 

Equipment incorporating only components such as diodes, varistors, resistors or capacitors is 
not required to be tested (e.g. in surge suppressors). 

8.3.3.2 Equipment incorporating electronic circuits 

Subclause 7.3.3.2 of part 1 applies with the following addition. 

Radiated radio-frequency emission tests are required only for equipment incorporating circuits 
with fundamental switching frequency greater than 9 kHz. for example chopped supplies or 
high-frequency clocks of microprocessors. 

9 Tests 

9.1 Kinds of test 
9.1.1 General 

Subclause 8.1.1 of part 1 applies. 
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».1.2 Type tests 

Type tests are intended to verify compliance of the design of contactors and starters of all 
types with this standard. They comprise the verification of: 

a) temperature rise limits (see 9.3.3 3); 

b) dielectric properties (see 9.3.3.4); 

c) rated making and breaking capacities (see 9.3.3.5); 

d) change-over ability and reversibility, vi^here applicable (see 9.3.3.5); 

e) conventional operational performance (see 9.3.3.6); 

f) operation and operating limits (see 9.3.3.1 and 9.3.3.2); 

fl) ability of contactors to withstand overload current (see 9.3.5); 

h) performance under short-circuit conditions (see 9.3.4); 

i) mechanical properties of terminals (see 8.2.4 of part 1 ); 

j) degrees of protection of enclosed contactors and starters (see annex C of part 1 ). 

k) EMC tests, where applicable (see 9.4). 

9.1.3 Routine tesU I 
Subclause 8.1.3 of part 1 applies where sampling tests (see 9.1.4) are not made. 

Routine tests for contactors and starters comprise: 

- operation and operating limits (see 9.3.6.2); 

- dielectric tests (see 9.3.6.3). 

9.1.4 Sampling tests | 

Sampling tests for contactors and starters comprise: 

- operation and operating limits (see 9.3.6.2) 

- dielectric tests (see 9.3.6.3). 

Subclause 6.1.4 of part 1 applies with the following additions. 

A manufacturer may use sampling tests instead of routine tests at his own discretion. 
Sampling shall meet or exceed the following requirements as specified in lEC 60410 (see 
table ll-A: Single sampling plans for normal inspection): 

- sampling based on AQL ^ 1; 

- acceptance number Ac = (no defect accepted); 

- rejection number Re = 1 (if 1 defect, the entire lot shall be tested); 

Sampling shall be made at regular intervals for each specific lot. 

Alternative statistical methods that ensure compliance with the above lEC 60410 
requirements can be used, e.g. statistical methods controlling continuous manufacturing or 
process control with capability index. 

Sampling tests for clearance verification shall be performed according to 8 3 3 4 3 of I 
lEC 60947-1 ' 
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9.1.5 Special tests 

Special tests are mechanical and electrical durability tests and verification of co-ordination at 
the crossover current between the starter and the SCPD {see annex B). 

9.2 Compliance with constructional requirements 

Subclause 8.2 of part 1 applies (see, however, note to 8.1). 

9.3 Compliance with performance requirements 
9.3.1 Test sequences 

Each test sequence is made on a new sample. 

NOTE 1 With the agreement of the manufacturer, more than one test sequence or all teat taquancat may be 
conducted on one sample. However, the tests are to be conducted in the sequence given for each aampla. 

NOTE 2 Some tests are included in the sequences solely to reduce the number of samplea required, the resuKa 
have no slgniricance for the preceding or following tests In the sequence. Therefore, for convenience of teaUng and 
by agreement with the manufacturer, these tests may be conducted on separate new samples and omitted from tha 
relevant sequence. This only applies to the following tests when called for: 

Sut>clause 8.3.3.4.1 , Item 7) of part 1 - V»rification ofcmepage diatancas. 

Suliclause 8.2.4 of part 1 - Mochanical propartiaa of tarminals; 

Annex C of part 1 - Degrees of protection of enclosed equipment. 

The test sequence shall be as follows. 

a) Test sequence 1 

(i) verification of temperature rise (see 9.3.3.3) 

(il) verification of operation and operating limits (see 9.3.3.1 and 9.3.3.2) 

(Hi) verification of dielectric properties (see 9.3.3.4) 

b) Test sequence 2 

(i) verification of rated making and breaking capacities, change-over ability and 
reversibility, where applicable (see 9.3.3.5) 

(ii) verification of conventional operational performance (see 9.3.3.6) 

c) Test sequence 3 

performance under short-circuit conditions (see 9.3.4); 

d) Test sequence 4 (applicable to contactors only) 
verification of ability to withstand overload currents (see 9.3.5); 

e) Test sequence 5 

(i) verification of mechanical properties of terminals (see 8.2.4 of part 1 ); 
(ii) verification of degrees of protection of enclosed contactors and starters (see annex 
of part 1). 

There shall be no failure in any of the tests. 
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9.3.2 General test conditions 

Subclause 8.3.2 of part 1 applies with the following addition. 

Unless otherwise specified In the relevant test clause, the clamping torque for connections 
shall be that specified by the manufacturer or, if not specified, the torque given in table 4 of 
parti. 

9.3.3 Performance under no load, normal load and overload conditions 
9.3.3.1 Operation 

It shall be verified that contactors and starters operate according to the requirements of 
8.2.1.1.2. 

To verify the Insensitivity of the starter to contactor operation, the starter shall be loaded to 
attain a steady state temperature as stated in 8.2.2 and the contactor operated in the normal 
switching sequence three times without intentional delay between operations. The starter 
shall not trip due to the contactor operation. 

When the overload relay has a combined stop and reset actuating mechanism, with the 
contactor closed, the resetting mechanism shall be operated and this shall cause the 
contactor to drop out. When the overload relay has either a reset only or separate stop and 
reset actuating mechanisms, with the contactor closed and the resetting mechanism in the 
reset position, the tripping mechanism shall be operated and the contactor shall have been 
caused to drop out. These tests are to verify that the overload tripping action cannot be 
defeated by holding the resetting mechanism in the reset position. 

In the case of rheostatic rotor starters, tests shall be performed to verify that the time setting 
of time-delay relays and the calibration of any other devices used for controlling the rate of 
starting are within the limits stated by the manufacturer 

The value of the starting resistors shall be verified for each section to be within ±10 % of the 
stated figures. 

It shall also be verified that the rotor switching devices cut out the steps of resistors in the 
correct sequence. 

It shall also be verified that the open-circuit voltages on the tapping terminals of the auto- 
transformer are in accordance with the designed figures and that the phase sequence at the 
motor terminals of the two-step auto-transformer starter is correct in both the starting and ON 
positions of the starter. 

9.3.3.2 Opwating limits 

9.3.3.2.1 Power-operated equipment 

Contactors and starters shall be tested to verify their performance according to the 
requirements given in 8.2.1.2. 
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9.3.3.2.2 Relays and releases 

a) Operation of under-voltage relays and releases 

Under-voltage relays or releases shall be tested for compliance with the requirements 
of 8.2.1.3. Each limit shall be verified three times. 

For the drop-out test, the voltage shall be reduced from the rated value to zero at an 
uniform rate in approximately 1 min. 

b) Shunt-coil operated releases 

Shunt-coil operated releases shall be tested for compliance vi^ith the requirements 
of 8.2.1.4. Operation shall be verified at 70 % and 110 % of rated voltage under all 
operating conditions of the starter. 

c) Thermal and time-delay magnetic overload relays 

Overload relays and starters shall be connected using conductors In accordance with 
tables 9, 10 and 11 of part 1 for test currents corresponding to: 

- 100 % of the current setting of the overload relay for overload relays of trip class 10A; 

- 125 % of the current setting of the overload relay for overload relays of trip classes 10, 
20 and 30 and for overload relays for which a maximum tripping time greater than 30 s 
is specified (see 5.7.3). 

Thermal and time-delay magnetic overload relays with all poles energized shall be tested 
as stated in 8.2.1.5.1. 

Moreover, the characteristics defined in 8.2.1.5.1 shall be verified by tests at -5 'C, 
-•'20 °C, +40 °C and may be verified at minimum and maximum temperatures given by the 
manufacturer if larger. However, for relays or releases declared compensated for ambient 
temperature, in case of temperature range declared by the manufacturer larger than those 
given in figure 7, the characteristics at -5 °C and/or +40 'C need not be verified if, when 
tested at the declared minimum and maximum temperatures, the corresponding tripping 
current values are in compliance with the limits specified for -5 'C and/or •••40 'C in that 
figure. 

Three-pole thermal overload relays energized on two poles only shall be tested as stated 
in 8.2.1.5.2 on all combinations of poles and at the maximum and minimum current 
settings for relays with adjustable settings. 

d) Instantaneous magnetic overload relays 

Each relay shall be tested separately. The current through the relay shall be increased 
at a rate suitable for an accurate reading to be made. The values shall be as stated 
in 8.2.1.5.3. 

e) Under-current relays in automatic change-over 

The limits of operation shall be verified In accordance with 8.2.1.5.4. 

9.3.3.3 Temperature rise 

9.3.3.3.1 Ambient air temperature 

Subclause 8.3.3.3.1 of part 1 applies. 

9.3.3.3.2 Measurement of the temperature of parts 

Subclause 8.3.3.3.2 of part 1 applies. 
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9.3.3.3.3 Temperature rise of a part 
Subclause 8.3.3.3.3 of part 1 applies. 

9.3.3.3.4 Temperature rise of the main circuit 

Subclause 8.3.3.3.4 of part 1 applies with the following additions; 

The main circuit shall be loaded as stated in 8.2.2.4. 

Ail auxiliary circuits which normally carry current shall be loaded at their maximunn rated 
operational current (see 5.6) and the control circuits shall be energized at their rated voltages. 

The starter shall be fitted with an overload relay complying with 5.7.4 and selected as follows: 

- Non-adjustable relay 

The current setting shall be equal to the maximum operational current of the starter and 
the test shall be made at this current; 

- Adjustable relay 

The maximum current setting shall be that which Is nearest to but not greater than the 
maximum operational current of the starter. 

The test shall be made with that overload relay for which the current setting is nearest to 
the nrmximum of cts scale. 

NOTE Th* Mlaetion nrathod d«scnb«d abov* is designad to ansur* that the tecnparature rise of the fiald wiring 
taiminala of tba ovarload rolay and the power dissipated by the starter are ttot less than those that will occur under 
any combination of relay and contactor. In cases where the effect of the overload relay on these values is 
bwlgnincant (I.e. soHd state overload relays), the test current shall always be the maximum operational current of 
thestartar. 

9.3.3.3.5 Temperature rise of control circuits 
Subclause 8.3.3.3.5 of part 1 applies with the follovinng addition. 

The temperature rise shall be measured during the test of 9.3.3.3.4. 

9.3.3.3.6 Temperature rise of coils and electromagnets 
Subclause 8.3.3.3.6 of part 1 applies with the following additions. 

a) Electromagnets of contactors or starters intended for uninterrupted or 8 h duty are 
subjected only to the conditions prescribed in 8.2.2.6 1, with the corresponding rated 
current flovirtng through the main circuit for the duration of the test. The temperature rise 
shall be measured during the test of 9.3.3.3.4. 

b) Electromagnets of contactors or starters intended for intermittent duty shall be subjected 
to the test as stated above, and also to the test prescribed in 8.2.2 6 2 dealing with their 
duty class, with no current flowing through the main circuit. 

c) Specially rated (temporary and periodic duty) windings shall be tested as stated in 
8.2.2.6.3, without the current in the main circuit. 

9.3.3.3.7 Temperature rise of auxiliary circuits 

Subclause 8 3.3.3.7 of part 1 applies with the following addition. 
The temperature rise shall be measured during the test of 9.3.3.3.4. 
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9.3.3.3.8 Temperature rise of starting resistors for rheostatic rotor starters 

The temperature rise of resistors shall not exceed the limits specified in table 3 of parti, 
when the starter Is operated at Its rated duty (see 5.3.4) and according to its starting 
characteristics (see 5.3.5.5.1). 

The current through each section of the resistors shall be thermally equivalent to tne current 
during the starting time when the controlled motor is operating with the maximum starting 
torque and the starting time for which the starter Is rated (see 5.3.4 and 5.3.5.5.1); in practice, 
the current value l„ can be used. 

Starting operations shall be evenly spaced In time according to the number of starts per hour. 

The temperature rise of the enclosures and of the issuing air shall not exceed the limits 
specified in table 3 of part 1 . 

NOTE It is not practical to test the performance of starting resistors of every combination of motor output and 
rotor voltage and current; it is required only that a sufficient numlMr of tests tM made to prove, by interpolation or 
deduction, compliance with this standard. 

9.3.3.3.9 Temperature rise of the auto-transformer for two-step 
auto-transformer starters 

The temperature rise of the auto-transformer shall not exceed the limits specified in table 5 
Increased by 15 % (see 8.2.2) and those specified in table 3 of parti, when the starter is 
operated at its rated duty (see 5.3.4). 

The current through each winding of the auto-transformer shall be thermally equivalent to the 
current carried when the controlled motor Is operating with the maximum starting current and 
starting time for which the starter Is rated (see 5.3.5.5 3); this condition is assumed to be 
reached when the current drawn from the auto-transformer during the starting time is equal to 
the maximum starting current specified In 5.3.5.5.3 multiplied by: 

0,8x^*?:5nO!^ (see 5.3.1.4) 
'^e 

The operating cycles shall be evenly spaced In time according to the number of starts per 
hour (see 5.3.4.3). 

In the event of two successive operating cycles (see 5 3 4.3), the temperature rise of the 
auto-transformer may exceed the maximum value given in 8.2.2 but no damage shall result to 
the auto-transformer. 

In the case of an auto-transformer with several sets of taps, the test shall be made with the 
taps giving the highest power loss in the transformer; it shall be made over a period of time 
sufficient for the temperature rise to reach a constant value. 

In order to facilitate this test, star-connected impedances may be used in place of a motor. 

9.3.3.4 Dielectric properties 

Subclause 8.3.3 4 of lEC 60947-1 applies with the following modifications. 
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9.3.3.4.1 Type tests 

Subclause 8.3.3.4.1 of lEC 60947-1 applies with the addition of 

- the following sentences, at the end of item 1 ): 

The metal foil shall be applied to all surfaces where these are likely to be touched by 
people during normal operation or adjustment of the equipment and where such surfaces 
can also be touched by the standard test finger. 

The metal foil shall not be applied for power frequency withstand verification after 
switching and short-circuit tests. 

- the following sentence, after the second paragraph of item 2) b): 

Circuits of a contactor or starter including devices which have been subjected to U,^p test 
voltages lower than those specified in 7.2.3.1 and 8.3-3.4.2 of lEC 60947-1 may be 
disconnected for the test, according to the manufacturer's instructions. 

- the following sentence, after the paragraph of item 2) c) ii): 

Where the control circuit normally connected to the main circuit is disconnected (according 
to 8.3.3.4.1, item 2) b)), the method used to maintain the main contacts closed shall be 
indicated in the test report. 

- the following sentence at the end of 8.3.3.4.1, item 8): 

For equipment suitable for isolation, the leakage current shall be measured through each 
pole with the contacts In the open position, at a test voltage of 1,1 U. and shall not exceed 
O.Sn^A. 

Verification of impulse withstand voltage across open contacts is not required for equipment 
not suitable for isolation (see 8.3.3.4.1, item 2) c) iv) of lEC 60947-1). 

9.3.3.5 Making and breaking capacities 

Subclause 8.3.3.5 of part 1 applies with the following additions. 
9.3.3.5.1 General test conditions 

The tests shall be made, under the operating conditions stated in table 7 without failure, see 
9.3.3.5.5 f). 

The control supply voltage shall be 100 % of U,, except that, for the make only test of 
utilization categories AC-3 and AC-4, the control supply voltage shall be 110 % of L/j ^of half 
the number of operating cycles and 85 % of Ugfor the other half. 

Connections to the main circuit shall be similar to those intended to be used when the 
contactor or starter is in service. If necessary, or for convenience, the control and auxiliary 
circuits, and in particular the magnet coil of the contactor or starter, may be supplied by an 
independent source. Such a source shall deliver the same kind of current and the same 
voltage as specified for service conditions. 

The overload relay and the SCPD of the starter may be short-circuited for the purpose of 
carrying out the rated making and breaking capacity tests. 
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9.3.3.5.2 Test circuit 

Subclause 8.3.3.5.2 of part 1 applies. 

9.3.3.5.3 Characteristics of transient recovery voltage 

Subclause 8.3.3.5.3 of part 1 applies to utilization categories AC-2, AC-3. ACM AC-8a and AC-8b I 

(see table 1). 

It is not necessary to adjust factor yor the oscillatory frequency for testing maltlna caoacitv I 
only (in AC-3 and AC-4). 

9.3.3.5.4 Switching overvoltages 

Subclause 8.3.3.5.4 of part 1 applies with the following addition: 

The switching overvoltages shall be verified on the load side between phases for multipole 
devices and across the load for single-pole devices. 

The test procedure is under consideration. 

9.3.3.5.5 Rated mailing and breal(ing capacities 

If the contactor in a starter has separately satisfied the requirements of Item a) hereafter for 
the utilization category of the starter, the starter need not be tested. 

a) Rated mailing and breaking capacities of contactors 

The contactor shall make and break the current corresponding to Its utilization category 
and for the number of operating cycles given in table 7. See also item d) hereafter for 
reversing contactors. 

Contactors of utilization categories AC-3 and AC-4 shall be subjected to 50 making only 
operations followed by 50 making and breaking operations. 

b) Rated making and breaking capacity of direct-on-line and two direction starters (AC-3) and | 
stator switching devices of rheostatic rotor starters (AC-2) 

The starter shall make and break the current corresponding to its utilization category for 
the number of operating cycles given in table 7. 

Starters of utilization category AC-3 shall be subjected to 50 making only operations 
followed by 50 making and breaking operations. 

c) Rated making and breaking capacities and change-over ability of star-delta starters (AC-3) 
and two-step auto-transformer starters (AC-3) 

The starter shall make and break the currents corresponding to its utilization category 

given in table 7. 

Both the starting and the ON or delta position of th^ starters shall first be subjected to 50 

making only operations, the current being broken by a separate switching device. 

The starter shall then be subjected to the 50 making and breaking operations. Each 

operating cycle shall consist of the following sequences; 

- make the current in the starting or star position; 

- break the current in the starting or star position; 

- make the current in the ON or delta position; 

- break the current in the ON or delta position; 

- off period. 
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The load circuit shall be connected to the starter as would be the , bindings of a motor. The 
rated operational current of the starter (/,) is the current in the ON or delta position. 
NOTE in th. CM of star^,lta starters, it is important that the test currents be measured in sUr and detta 
•mce the supply impedance has a significant effect on the transformation ratio 

When a transformer has more than one output voltage, it shall be connected to give the 
highest starting voltage. 

The on-time in the starting and ON positions and the off-time shall be as stated in table 7. 
d) Rated making and breaking capacities of direct-on-line and reversing starters (AC-4) 
The starters shall make and break the currents given in table 7. 

The 50 making only operations shall be done first, the current being broken by a separate 
switching device, followed by the 50 making and breaking operations 
The load circuit shall be connected to the starter as would be the windings of a motor. 
For starters incorporating two contactors, two contactors A and B shall be used and wired 
as in normal application. Each sequence of the 50 operations shall be. 

close A - open A - close B - 
open B - off period 

The change-over from "open A" to "close B" shall be made as fast as the normal control 
system will allow. 

Mechanical or electrical interlocking means provided in the starter or available for 
associating contactors as reversing devices shall be used. 

If the reversing circuit arrangement is such that both contactors can be energized 
simultaneously, ten additional sequences shall be conducted with both contactors 
energized simultaneously. 

e) Rated making and breaking capacities of the rotor switching devices of a rheostatic rotor 
starter 

Verifrcation of the making and breaking capacities of the rotor switching devices shall be 
pertormed as in 9.3.3.5.5 b) for AC-2 category where 1^ = l„, the maximum rated 
rotor current for which the starter is designed. 11^ = U„ (rated rotor operational voltage) 
and UIU, shall be 0,8. The power factor shall be 0,95. The starting resistors may be 
disconnected for these tests and, for starters having more than two steps, the test shall be 
performed on each switching device in turn. Since the rotor switching devices in starters 
having nrK>re than two steps do not break and make at the full rotor voltage, the voltage for 
these tests may be reduced in the ratio: 

Starting resistance switched 
Total starting resistance 

When a starter is so connected that the circuit is opened by the stator switch before the 
rotor switching devices open, no verification of the breaking capacity is necessary. 

For rotor switching devices which have previously satisfied the requirements 
corresponding to those specified above, no further tests are needed. 
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f) Behaviour and condition of the contactor or starter during and after the making and 

breal<ing capacity, change-over and reversing tests 

During the tests within the limits of the specified malting and breaking capacities of 9.3.3.5 
and the verification of conventional operational performance of 9.3.3.6.1 to 9.3.3.6.6, there 
shall be no permanent arcing, no flash-over between poles, no blowing of the fusible 
element in the earth circuit (see 9.3.3.5.2) and no welding of the contacts. 

The contacts shall operate when the contactor or starter is switched by the applicable 
method of control. 

9.3.3.6 Operational performance capability 

Subclause 8.3.3.6 of part 1 applies with the following additions. 

Tests concerning the verification of conventional operational performance are intended to 
verify that a contactor or starter is capable of fulfilling the requirements given in table 8. 

Connections to the main circuit shall be similar to those intended to be used when the 
contactor or starter is in service. 

The overload relay and the SCPQ of the starter may be short-circuited for the purpose of 

carrying out the tests. 

The test circuit given in 9.3.3.5.2 is applicable and the load is to be tuned according to 9.3.3.5.3. 

The control voltage shall be 100 % of the rated control supply voltage. 

If the contactor in a starter has separately satisfied the requirements of 9.3.3.6,1 for the 
utilization category of the starter, the starter need not be tested. 

9.3.3.6.1 Conventional operational performance of contactors 

The contactor shall make and break the current corresponding to Its utilization category and 
for the number of operating cycles given in table 8. See also 9.3.3.6.4. 

9.3.3.6.2 Conventional operational performance of direct-on-line and 
two direction starters (AC-3) and stator switching devices 
of rheostatic rotor starters (AC-2) 

The starter shall make and break the current corresponding to its utilization category and for 
the number of operating cycles given in table 8. 

9.3.3.6.3 Conventional operational performance of star-delta starters (AC-3) 
and two-step auto-transformer starters (AC-3) 

The starter shall make and break the current corresponding to its utilization category for the 
number of operating cycles given In table 8. 

The test procedure shall be as stated in 9.3.3.5.5, itemc). except that the 50 making only 
operations are not done. 
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9.3.3.6.4 Conventional operational performance of direct-on-line 
and reversing starters (AC-4) 

The starter shall make and break the current corresponding to its utilization category for the 
number of operating cycles given in table 8. 

The test procedure shall be as stated in 9.3.3.5.5, item d). except that the 50 making only 
operations and the 10 additional sequences of simultaneous energizing are not done. 

9.3.3.6.5 Conventional operational performance of the rotor switching devices 
of a rheostatic rotor starter 

Verification of conventional operational performance of the rotor switching devices shall be 
performed as in 9.3.3.6.1 for the AC-2 category given in table 8. 

The test procedure shall be as stated in 9.3.3 5.5, item e). 

9.3.3.6.6 Behaviour of the contactor or starter during, and its condition after, 
the conventional operational performance tests 

The requirements of 9.3.3 5.5, item f), shall be fulfilled and then the verification of power 
frequency withstand according to 8.3.3.4.1, item 4), of lEC 60947-1 shall be made. 

For equipment suitable for isolation, the leakage current shall be measured through each 
pole, with the contacts in the open position, at a test voltage of 1,1 Ug and shall not exceed 
2mA. 

9.3.4 Performance under short-circuit conditions 

This subclause specifies test conditions for verification of compliance with the requirements 
of 8.2.51. Specific requirements regarding test procedure, test sequences, condition of 
equipment after the test and types of co-ordination are given in 9.3.4.1 and 9.3.4.2. 

9.3.4.1 General conditions for short-circuit tests 

9.3.4.1.1 General requirements for short-circuit tests 

The general requirements of 8.3.4.1.1 of part 1 apply 

9.3.4.1.2 Test circuit for the verification of short-circuit ratings 

Subclause 8.3.4,1.2 of parti applies except that, for type "1" co-ordination, the fusible 
element F and the resistor «i.are replaced by a solid 6 mm» wire of 1,2 m to 1,8 m in length, 
connected to the neutral, or with the agreement of the manufacturer, to one of the phases. 

tobIi\vIh!«Sd"" "" °' '*"* " •** "»^ •* • <*»«»c«of but to establish >n "earth" condition allowing the damage 

9.3.4.1.3 Power-factor of the test circuit 
Subclause 8.3.4.1.3 of part 1 applies 
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9.3.4.1.4 Time-constant of the test circuit 

Subclause 8.3.4.1.4 of part 1 applies. 

9.3.4.1.5 Calibration of the test circuit 

Subclause 8.3.4.1.5 of part 1 applies. 

9.3.4.1.6 Test procedure 

Subclause 8.3.4.1.6 of part 1 applies with the following additions. 

The contactor or the starter and its associated SCPD, or the combination or protected starter, 
shall be mounted and connected as in normal use. They shall be connected in the test circuit 
using a maximum of 2,4 m of cable (corresponding to the operational current of the starter) for 
each main circuit. 

If the SCPD is separate from the starter, it shall be connected to the starter using the cable 
specified above. (The total length of cable shall not exceed 2,4 m.) 

Three-phase tests are considered to cover single-phase applications. 

9.3.4.1.7 Vacant. 

9.3.4.1.8 Interpretation of records 

Subclause 8.3.4.1.8 of part 1 applies. 

9.3.4.2 Conditional short-circuit current of contactors, starters, 
combination starters and protected starters 

The contactor or starter and the associated SCPD, or the combination or the protected starter, 
shall be subjected to the tests given In 9.3.4.2.1 and 9.3.4.2.2. The tests shall be so 
conducted that conditions of .maximum /, and of maximum U,1or utilization category AC-3 are 
covered. 

For a magnetically operated contactor or starter, the magnet shall be held closed by a 
separate electrical supply at the rated control supply voltage U,. The SCPD used shall be as 
stated In 8.2.5.1. If the SCPD is a circuit-breaker with an adjustable current setting, the test 
shall be done with the circuit-breaker adjusted to the maximum setting for the declared type of 
co-ordination and discrimination. 

During the test, all openings of the enclosure shall be closed as in normal service and the 
door or cover secured by the means provided. 

A starter covering a range of motor ratings and equipped with interchangeable overload relays 
shall be tested with the overload relay with the highest impedance and the overtoad relay with 
the lowest impedance together with the corresponding SCPDs 

For type "1" co-ordination, a new test sample may be used for each operation stated in 
9.3.4.2,1 and 9.3.4.2.2. 

For type "2" co-ordination, one sample shall be used for the tests at the prospective current 
"r" (see 9.3.4,2.1) and one sample for the tests at current /q(see 9.3.4.2.2). 
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By aorwment of the manufacturer, the tests at r and /, may be carried out'on the same 
sample. 

9.3.4.2.1 Test at the prospective current "r" 

The circuit shall be adjusted to the prospective test current corresponding to the rated 
operational current /, according to table 12. 

The contactor or starter and the associated SCPD. or the combination or the protected starter, 
shall then be connected in the circuit. The following sequence of operations shall be 
performed: 

a) One breaking operation of the SCPD shall be performed with all the switching devices 
dosed prior to the test. 

b) One breaking operation of the SCPD shall be performed by closing the contactor or starter 
on to the short-circuit. 

Taiile 12 - Value of ttie prospective test current according to the rated operational current 



Ratad operational current 

/.(AC^r 

A 



f, £16 

16<(,S 63 

63<I,S 125 

125</,S 315 

315<f,S 630 

630 < (, S 1 000 

1 000 <(, £ 1 600 

1600</, 



Prospective current "/" 
IcA 



1 
3 
5 

10 
18 
30 
42 
Subject to agreement between manufacturer and user 



* If the contactor or starter is not specified according to utilization category AC-3, the prospective 
euneflt 'f shall correspond to the highest rated operational current for any utilization category 
claimed by the manufacturer. 



The power factor or the time-constant shall be according to table 16 of 8.3.4.1.4 of part 1. 

9.3.4.2.2 Test at the rated conditional short-circuit current /q 

NOTE This test te done if the current /q is higher than the current 'f. 

The circuit shall t>e adjusted to the prospective short-circuit current /q equal to the rated 
conditional short-circuit current. 

If the SCPD is a fuse and the test current is within the current-limiting range of the fuse, then, 
if possible, the fuse shall be selected to permit the maximum peak let-through current (/p) and 
the maximum let-through energy (Pf). 

The contactor or starter and the associated SCPD, or the combination or the protected starter, 
shall then be connected to the circuit. 
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The following sequence of operations shall be performed: 



a) One breaking operation of the SCPD shall be performed with all the switching devices 
closed prior to the test. 

b) One breaking operation of the SCPD shall be performed by closing the contactor or starter 
on to the short-circuit. 

If, in the case of a combination starter or a protected starter, the switching device of the 
SCPD complies writh lEC 60947-2 or lEC 60947-3 and has a short-circuit breaking 
capacity or rated conditional short-circuit current less than the rated conditional short- 
circuit current of the combination starter or protected starter the following additional test 
shall be made. 

c) One breaking operation of the SCPD shall be performed by closing the switching device 
(switch or circuit-breaker) on to the short-circuit. This operation may be performed either 
on a new sample (starter and SCPD) or on the first sample with the agreement of the 
manufacturer. 

After this operation only conditions A to G of 9.3.4.2.3 shall be verified. 

9.3.4.2.3 Results to be obtained 

The contactor, starter, or the combination or protected starter, shall be considered to have 
passed the tests at the prospective current "i" and, where applicable, the prospective current 
/q, if the following conditions are met for the claimed type of co-ordination. 

Both types of co-ordination (all devices): 

A The fault current has been successfully interrupted by the SCPD or the combination 
starter and the fuse or fusible element or solid connection between the enclosure and 
supply shall not have melted. 

B The door or cover of the enclosure has not t>een blown open and it is possible to open the 
door or cover. Deformation of the enclosure Is considered acceptable provided that the 
degree of protection by the enclosure is not less than IP2X. 

C There is no damage to the conductors or terminals and the conductors have not been 

separated from the terminals. 
D There is no cracking or breaking of an insulating base to the extent that the integrity of 

mounting of a live part Is impaired. 

Both types of co-ordination (combination starters and protected starters only): 

E The circuit-breaker or the switch is capable of being opened manually by its operating 

means. 
F Neither end of the SCPD is completely separated from its mounting means to an exposed 

conductive part. 
G If a circuit-breaker with rated ultimate short-circuit breaking capacity less than the rated 

conditional short-circuit current assigned to the combination or protected starter Is 

employed, the circuit-breaker shall be tested to trip as follows: 

a) Circuit-breakers vnth instantaneous trip relays or releases: at 120 % of the trip current. 

b) Circuit-breakers with overload relays or releases: at 250 % of the rated current of the 
circuit-breaker. 

Type "1" co-ordination (all devices): 

H There has been no discharge of parts beyond the enclosure. Damage to the contactor and 
the overload relay is acceptable The starter may be inoperative after each operation. The 
starter shall therefore be inspected and the contactor and/or the overload relay and the 
release of the circuit-breaker shall be reset if necessary and, in the case of fuse 
protection, all fuse-links shall be replaced. 
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Type '1' co-ordination (combination and protected starters only): 

I The adequacy of insulation in accordance with 8.3.3.4.1, Item 4), of lEC 60947-1 is 
verified after each operation (at currents V and '/.") by a dielectric test on the complete 
unit under test (SCPD plus contactor/starter but before replacement of parts) using a 
power frequency withstand voltage of twice the rated operational voltage U^ but not less 
than 1 000 V. The test voltage shall be applied to the incoming supply terminals, with the 
switch or the circuit-breaker in the open position, as follows: 

- between each pole and all other poles connected to the frame of the starter; 

- between all live parts of all poles connected together and the frame of the starter; 

- between the terminals of the line side connected together and terminals of the other 
side connected together. 

For equipment suitable for isolation, the leakage current shall be measured through each 
pole, with the contacts in the open position, at a test voltage of 1,1 U^ and shall not 
exceed 6 mA. 

Type "2" co-ordination (all devices): 

J No damage to the overload relay or other parts has occurred, except that welding of 
contactor or starter contacts is permitted, if they are easily separated (e.g. by a 
screwdriver) without significant deformation, but no replacement of parts is permitted 
during the test, except that, in the case of fuse protection, all fuse-links shall be replaced. 

In the case of welded contacts as described above, the functionality of the device shall 
be verified by carrying out 10 operating cycles under the conditions of table 8 for the 
applicable utilization category. 

K The tripping of the overload relay shall be verified at a multiple of the current setting and 
shall conform to the published tripping characteristics, according to 5.7.5, both before and 
after the short-circuit test 

L The adequacy of the insulation in accordance with 8.3.3.4.1, item 4), of lEC 60947-1 shall 
be verified by a dielectric test on the contactor, starter, combination or protected starter 
using a power frequency withstand voltage of twice the rated operational voltage U, but 
not less than 1 000 V. 

In the case of combination and protected starters, additional tests according to 8.3.3.4.1, 
item 3), of lEC 60947-1 shall be made across the main poles of the device with the 
contacts of the switch or of the circuit-breaker open and the contacts of the starter closed. 

For equipment suitable for isolation, the leakage current shall be measured through each 
pole, with the contacts in the open position, at a test voltage of 1.1 U- and shall not 
exceed 2 mA. 

Fuse-links, if any, are shorted. 
9.3.5 Overload current withstand capability of contactors 

For the test, the contactor shall be mounted, wired and operated as specified in 9.3.2. 

All poles of the contactors are simultaneously subjected to one test with the overload current 
and duration values stated in 8.2.4 4. The test is performed at any convenient voltage and it 
starts with the contactor at room temperature. 

After the test, the contactor shall be substantially in the same condition as before the test. 
This is verified by visual inspection. 
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9.3.6 Routine tests and sampling tests 

9.3.6.1 General 

The tests shall be carried out under the same conditions as those specified for type tests in 
the relevant parts of 9.1.2 or under equivalent conditions. However, the limits of operation 
in 9.3.3.2 may be verified at the prevailing ambient air temperature and on the overload relay 
alone, but a correction may be necessary to allow for normal ambient conditions. 

9.3.6.2 Operation and operating limits 

For electromagnetic, pneumatic and electro-pneumatic contactors or starters, tests are carried 
out to verify operation within the limits specified in 8.2.1.2. 

For manual starters, tests are carried out to verify the proper operation of the starter 
(see 8.2.1.2, 8.2.1.3 and 8.2.1.4). 

NOTE In these tests it is not necessary to reach thermal equilibrium. The lack of thermal equilibrium may be 
compensated by using a series resistor or by appropriately decreasing the voltage limit. 

Tests Shall be made to verify the calibration of overload relays. In the case of a thermal or a 
time-delay magnetic overload relay, this may be a single test v/ith all poles equally energized 
at a multiple of the current setting, to check that the tripping time conforms (vinthin tolerances) 
to the curves supplied by the manufacturer; in the case of an instantaneous magnetic 
overload relay, the test shall be carried out at 1,1 times the current setting. 

NOTE In the case of a time-delay magnetic overload relay comprising a time-delay device working with ■ fluid 
dashpot. calibration may be carried out with the dashpot empty, at a percentage of the current setting indicated by 
the manufacturer and capable of being justified by a special test. 

9.3.6.3 Dielectric tests 

Subclause 8.3.3.4.2 of lEC 60947-1 applies with the following addition 

In the case of a rheostatic rotor starter, all the poles of the rotor switching devices will 
normally be connected through the starting resistors; the dielectric test Is therefore confined 
to the application of the tesfvoltage between the rotor circuit and the frame of the starter. 

The use of the metal foil is not necessary. 

NOTE The combined test of 8.3.3.4.2 of lEC 60947-1 is permitted. 

9.4 EMC Tests 

9.4.1 General 

Subclauses 8.3.2.1, 8.3.2.3 and 8.3.2.4 of part 1 apply with the following additions. 

With the agreement of the manufacturer, more than one EMC test or all EMC tests may be 
conducted on one and the same sample, which may initially be new or may have passed test 
sequences according to 9.3.1. The sequence of the EMC tests may be any convenient 
sequence. 

The test report shall include any special measures that have been taken to achieve 
compliance for example the use of shielded or special cables If auxiliary equipment is used 
wth the contactor or starter in order to comply with immunity or emission requirements, it 
shall be included in the report. 
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The test sample shall be In the open or closed position, whichever is the worse, and shall be 
operated with the rated control supply 

9.4.2 Immunity 

The tests of table 13 are required. Special requirements are specified in 9.42.1 to 9.4.2.6. 

If, during the EMC-tests, conductors are to be connected to the test sample, the cross-section 
and the type of the conductors are optional but shall be in accordance with the manufacturer's 
literature. 

Table 13 - EMC Immunity tests 



Type of test 


Severity level required 


1,2/SO \i% - 8/20 lis surges 
lEC 61000-4-5 


2 kV line to earth 
1 kV line to line 


Fast transient bursts 
lEC 61000-4-4 


2kV 


Electromagnetic field 
lEC 61000-4-3 


lOV/m 


Electrostatic discharges 
lEC 61000-4-2 


4 kV/contact discharge 
8 kV/air discharge 



9.4.2.1 Performance of the test sample during and after the test 

Unless otherwise specified, performance criterion 2 applies, see 8.3.2.2. 

No loss of performance shall be permitted during or after the tests. After the test, the 
operating limits of 9.3.3.2 shall be verified. 

9.4.2.2 Electrostatic discharge 

The test shall be conducted using the methods of lEC 61000-4-2. 

Except for metallic parts for which contact discharge is made, only air discharge is required. 
Tests are not possible if the device is an open frame or of degree of protection IPOO. In this 
case, the manufacturer shall attach a label to the unit advising of the possibility of damage 
due to static discharges. 

Ten positive and ten negative pulses shall be applied to each selected point, the time interval 
after each successive single discharge being 1 s. 

Tests are not required on power terminals. The application of conductors is not required 
except for energizing the coil. 

9.4.2.3 Electromagnetic field 

The tests shall be conducted using the methods of lEC 61000-4-3. The test procedure of 
lEC 61 000-4-3 shall apply. 

The device shall comply v«th performance criterion 1. 

Tests are not required if the equipment is to be fully enclosed in an EMC specific purpose 
metallic enclosure installed as specified by the manufacturer. k k>~ 
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9.4.2.4 Fast transient bursts 

The tests shall be conducted using the methods of I EC 61000-4-4. 

The bursts shall be applied to all main, control or auxiliary terminals, whether they comprise 
electronic or conventional contacts. 

The test voltage shall be applied for the duration of 1 min. 

9.4.2.5 Surges (1,2/50 ms - 8/20 \is) 

The test shall be conducted using the methods of lEC 61000-4-5. Capacitive coupling shall be 
preferred. The surges shall be applied to all main, control or auxiliary terminals, whether they 
comprise electronic or conventional contacts. 

The test voltage values are those of table 13 but shall not exceed the corresponding l/|„p 
value{s) given by the manufacturer following 7.2.3 of lEC 60947-1. 

The repetition rate shall be one surge per minute, with the number of pulses being five 
positive and five negative. 

9.4.2.6 Harmonics 

Under consideration. 

9.4.3 Emission 

For equipment designed for environment A, a suitable warning shall be given to the user 
(for example in the instruction manual) stipulating that the use of this equipment In 
environment B may cause radio interference in which case the user may be required to 
employ additional mitigation methods. 

9.4.3.1 Conducted radio-frequency emission tests 

A description of the test, the test method and the test set-up are given in CISPR 11. 

To pass, the equipment shall not exceed the levels given in table 14. 

Table 14 - Conducted radio-frequency emission test limits 



Frequency band 
MHz 


Environment A 


Environment 8 


0,15-0,5 


79 dB(tJV) quasi-peak 
66 dB(MV) average 


66 dB(iiV) - 56 dB(MV) qu«si-pe»k 
56 dB((iV) - 46 dB(|iV) avenge 
(decrease with log of frequency) 


0.5 - 5,0 


73 dB(MV) quasi-peak 
60 dB{MV) average 


56 dB(tiV) quesi-peak 
46 dB(|iV) average 


5-30 


73 dB(MV) quasi-peak 
60 dB(pV) average 


60 dB(MV) quasi-peak 
50 dB(MV) average 



m 
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9.4.3.2 Radiated radio-frequency emission tests 

A description of the test, the test method and the test set-up are given in CISPR 1 1 . 

Tests are required where the control and auxiliary circuits contain components with 
fundamental switching frequencies greater, than 9 kHz, for example switch-mode power 
supplies, etc. 

To pass, the equipment shall not emit at higher levels than those given in table 15. 

Tests are not required if the equipment Is to be fully enclosed in an EMC specific purpose 
metallic enclosure installed as specified by the manufacturer. 

Table 15 - Radiated emission test limits 



Frequency band 
MHz 


Environment A* 


Environment B 


30-230 


30 dB(|jV/m) 
quasi-peak at 30 m 


30 dB(MV/m) 
quasi-peal( at 10 m 


230 - 1 000 


37 dB(iJV/m) 
quasi-peal( at 30 m 


37 dB(|jV/m) 
quasi-peak at 10 m 


* These tests may IM carried at 10 m distance with the limits raised by 10 dB. 
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SpMd/rn*d spMd 
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CM >■ motor toi«M 
Cn — load UNqtM 

Synchronous tp««d 



S^l «^< l ^■^ ^ « l■ p■^d 



Figure 1 - Typical curves of currents and torques durlnfl a star-delta start (see 1 2.2.1) 
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/lO.SWp /^ 0.5 lop (^O.eStap 




, '"is \ \ Synchronous tpead 



Speed/rated speed 



/)( • motor currant at rated voltage 
If > motor current at reduced voltage 
l^^ • line current at reduced voltage 




Synchtonous (peed 



Speed/rated speed 



CR • load torque 
CM • motor torque 



CMp • 'at rated voltage 
CMt > at reduced voltage 



Flflur* 2 - Typical curvM of currants and torques during an auto-transformer start (see 1 .2 2.2) 
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1 Circuit-breaker 

2 Contactor 

3 Overload relay 

4 Control switch 

5 Circuit-breaker magnetic trip only 

6 Switch-disconnector 

7 Fuse 

8 Disconnector fuse 

9 Circuit-breaker with overload release complying with this standard 



Figure 3 - Typical vartants of combination starttra {Me 3.2 7) 
and protected starters (see 3.2.8) 
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Figure 5 - Typical methods and diagrams of starting alterr.atlng^urr«.t Induction motor. 

by means of auto-transformers 
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Flgur* 6 - Exampltts of sp««dKlm» curves corresponding to cases a), b), c), d), •) and t) 
of 8.3.S.8 (the dotted parts of the curves correspond to the periods when no current 

flows through the motor) 
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Annex A 

(normative) 

Marking and identification of terminals of contactors 
and associated overload relays 

A.I General 

The purpose of identifying terminals of contactors and associated overload relays is to 
provide information regarding the function of each terminal or its location w^lth respect to other 
terminals or for other use. 

A.2 Marking and identification of terminals of contactors 

A2.1 Marking and identification of terminals of coils 

In the case of identification by alphanumeric markings, the terminals of a coll for an 
electromagnetic contactor shall be marked A1 and A2. 



For a coil with tappings, the terminals of the tappings shall be marked in sequential order A3, 
A4, etc. 

Examples: 



Ml 






A2 



NOTE As I eonscquanc* of this, both incoming and outgoing terminals may have even or odd numljers. 

For a coil having two windings, the terminals of the first winding will be marked A1 A2 and 
those of the second winding B1, B2. 

A2.2 Marking and identification of terminals of main circuits 

Lp"ha?ume':S!Vstem' """ """'^ ^'^" "^ ''''''' '' ^'"«'« "«"- ""'"'>«- -^ - 




I^wl-eJi^rtitr '"•'""'"• "'"'""'" "' ■"'*'"»• '' '■' '"•* '-^■■^l' *'" "• progressively superseded by the 
Alternatively, terminals may be identified on the wiring diagram supplied with the device. 
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A.2.3 Marking and identification of terminals of auxiliary circuits 

The terminals of auxiliary circuits shall be marked or identified on the diagrams by two figure 
numbers: 

- the unit number Is a function number; 

- the figure of the tens is a sequence number. 

The following examples illustrate such a marking system: 

Sequence Function 

number V^ 7 number 




?hX^ 



A.2.3.1 Function number 



Function numbers 1, 2 are allocated to circuits with break contacts and function numbers 3, 4 
to circuits with make contacts. 

NOTE The definitions for make contacts and brealt contacts are given in 2.3.12 and 2.3.13 of part 1. 
Examples: 

I 
•3 ! •4 




NOTE The dots in the above examples take the place of the sequence numbers which shouW be added 
appropriately to the application. 

The terminals of circuits with change-over contact elements shall be marked by the function 
numbers 1, 2 and 4. 

I 

Function numbers 5 and 6 (for break contacts) and 7 and 8 (for make contacts) are allocated 
to terminals of auxiliary circuits containing auxiliary contacts with special functions. 

Examples: 

1 I 

Break conuct d^ayed on ctoslng 

delayed on closing ow»7~ » 

The terminals of circuits with change-over contact elements with special functions shall be 
marked by function numbers 5, 6 and 8. 
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Example. 

I 

Change-over contact 
delayed in both directions 

A.2.3.2 Sequence number 

Terminals belonging to the same contact element shall be marked by the same sequence 
number. 

All contact elements having the same function shall have different sequence numbers. 
Examples: 

Four contact etements Three contact elements 

The sequence number may be omitted from the terminals only if additional information 
provided by the manufacturer or the user clearly gives such a number. 



1" 1" r 1' 1 

•4 I 2 1.4 La Il4 



13 121 



I 22 



1-4 U 1.4 U ll4 ll2 

D«**ee Device Diagmm 



NOTE The dole shown in the above examples are merely used to show the relationship and do not need to be 
USM In prscticc. 
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A.3 Marking and identification of terminals of overload relays 

The terminals of the main circuits of overload relays shall be marked in the same manner at 
the terminals of the main circuits of contactors (see A.2.2). 

The terminals of the auxiliary circuits of overload relays shall be marked in the same manner 
as the terminals of the auxiliary circuits of contactors with specified functions (see A.2.3). 

The sequence number shall be 9; if a second sequence number is required, It shall be 0. 

Examples: 




2^\ 98 



-4 

QO ■ 



95 



r— m 

I 1^ 



97.1 98 






r:-^ 



Alternatively, terminals may be identified on the vifirinfl diagram supplied with the device. 
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Annex B 

(normative) 

Special tests 



B.I General 

Special tests are done at the discretion of the manufacturer. 

B.2 Mechanical durability 
B.2.1 General 

By convention, the mechanical durability of a design of contactor or starter is defined as the 
number of no-load operating cycles which would be attained or exceeded by 90 % of all the 
apparatus of this design before it becomes necessary to service or replace any mechanical 
parts; however, normal maintenance including replacement of contacts as specified in B.2.2.1 
and B.2.2.3 is permitted. 

The preferred numbers of no-load operating cycles, expressed in millions, are: 

0,001 - 0,003 - 0,01 - 0.03 - 0,1 - 0,3 - 1 - 3 and 10. 

B.2.2 Verification of mechanical durability 

B.2.2.1 Condition of the contactor or starter for tests 

The contactor or starter shall be installed as for normal service; in particular, the conductors 
shall t>e connected in the same manner as for normal use. 

During the test, there shall be no voltage or current in the main circuit. The contactor or 
starter may be lubricated t>efore the test if lubricatfon is prescribed in normal service. 

B.2.2.2 Operating conditions 

The coils of the control electromagnets shall be supplied at their rated voltage and, if 
applicable, at their rated frequency. 

If a resistance or an impedance is provided In series with the coils, whether short-circuited 
during the operation or not, the tests shall be carried out with these elements connected as in 
normal operation. 

Pneumatic and electro-pneumatic contactors or starters shall be supplied with compressed air 
at the rated pressure. 

Manual starters shall be operated as in normal service. 

B.2.2.3 Test procedure 

a) The tests are carried out at the frequency of operations corresponding to the class of 
intermittent duty. However, if the manufacturer considers that the contactor or starter can 
satisfy the required conditions when using a higher frequency of operations, he may do so. 
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b) In the case of electromagnetic and electro-pneumatic contactors or starters, the duration 
of energization of the control coil shall be greater than the time of operation of tha 
contactor or starter and the time for which the coil is not energized shall be of such a 
duration that the contactor or starter can come to rest at both extreme positions. 

The number of operating cycles to be carried out shall be not less than the number of no- 
load operating cycles stated by the manufacturer. 

The verification of mechanical durability may be made separately on the various 
components of the starter which are not mechanically linked together, unless a mechanical 
interlock not previously tested with its contactor is involved. 

c) For contactors or starters fitted with releases with shunt coils or undervoltage releases, at 
least 10 % of the total number of opening operations shall be performed by these 
releases. 

d) After each tenth of the total number of operating cycles given in B.2.1 has been carrfad 
out, it is permissible before carrying on with the test: 

- to clean the whole contactor or starter without dismantling; 

- to lubricate parts for which lubrication is prescribed by the manufacturer for normal 
service; 

- to adjust the travel and the pressure of the contacts if the design of the contactor or 
starter enables this to be done. 

e) This maintenance work shall not include any replacement of parts. 

f) In the case of star-delta starters, the built-in device causing time-delay between closing on 
star connection and closing on delta connection, if adjustable, may be set at its lowest 
value. 

g) In the case of rheostatic starters, the built-in device causing time-delay between closing of 
the rotor switching devices, if adjustable, may be set at its lowest value. 

h) In the case of auto-transformer starters, the built-in device causing time-delay between 
closing on the starting position and closing on the ON position, if adjustable, may be set at 
its lowest value. 

B.2.2.4 Results to be obtained 

Following the tests of mechanical durability, the contactor or starter shall still be capable of 
complying with the operating conditions specified in 8.2.1.2 and 9.3.3.2 at room temperature. 
There shall be no loosening of the parts used for connecting the conductors. 

Any timing relays or other devices for the automatic control shall still be operating. 

B.2.2.5 Statistical analysis of test results for contactors or sUrters 

The mechanical durability of a design of a contactor or starter is assigned by the 
manufacturer and verified by a statistical analysis of the results of the tests. 

For contactors or starters which are produced in small quantities, the tests described in 
B.2.2.6 and B.2.2.7 do not apply. 
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However for contactors or starters which are produced in small quantities and which also 
differ from a basic design only by detailed variations {i.e. without any significant variation) 
virtthout notable influence on characteristics, the manufacturer may assign mechanical 
durability on the basis of experience with similar designs, analysis, properties of materials, 
etc., and on the basis of the analysis of test results on large quantity production of the same 
basic design. 

After this assignment, one of the two tests described below shall be performed. It should be 
selected by the manufacturer as being the most suitable in each case, for example according 
to the quantities of planned production or according to the conventional thermal current. 

NOTE Thl* tMt it not Intandad to b« a lot-by-lot or production acceptance test for application by the user. 

B.2.2.e Single 8 test 

Eight contactors or starters shall be tested to the assigned mechanical durability. 

If the number of failures does not exceed two, the test is considered passed. 

B.Z2.7 Double 3 test 

Three contactors or starters shall be tested to the assigned mechanical durability. 

The test is considered passed if there is no failure, and failed if there is more than one failure. 
Should there be one failure, then three additional contactors or starters are tested up to 
assigned mechanical durability and, providing there is no additional failure, the test is 
considered passed. The test is failed if at any time there is a total of two or more failures. 

BjtptBntitofy not&'. 

Th« ilngi* 8 tMt and ttM douM* 3 test are both given in lEC 60410 (see tables X-C-2 and X-D-2). 

Ttteaa two teat* have been chosen with the objectiva of basing them on testing a limited number of contactors or 
atartert on aeaenttalty the tame ttatittical characteristics (acceptance quality level: 10 %). 

B.3 Electrical durability 
B.3.1 General 

With respect to its resistance to electrical wear, a contactor or starter is by convention 
characterized by the number of on-load operating cycles corresponding to the different 
utilization categories given in table B.1 which can be made without repair or replacement. 

Since, for star-delta, two-step auto-transformer and rheostatic rotor starters, the operation is 
subjected to large variations in the service conditions, it is deemed convenient not to give 
standard values for the test conditions However, it is recommended that the manufacturer 
indicate the electrical durability of the starter for stated service conditions, this electrical 
durability may be estimated from the results of tests on the component parts of the starter. 

For categories AC-3 and AC-4, the test circuit shall comprise inductors and resistors so 
arranged as to give the appropriate values of current, voltage and power factor given in 
table B.I; moreover, for AC-4, the test circuit testing the malting and brealting capacity shall 
t>e used, see 9.3.3.5.2. 
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In all cases, the speed of operation shall be chosen by the manufacturer. 

The tests shall be taken as valid if the values recorded In the test report differ from the values 
specified only within the following tolerances; 



current: 
voltage: 



±5%; 
±5 %. 



Tests shall be carried out with the contactor or the starter under the appropriate conditions of 
B.2.2.1 and B.2.2,2 using the test procedure, where applicable, of B.2.2.3, except that 
replacement of contacts is not permitted. 

After the test, the contactor or the starter shall fulfil the operating conditions specified in 
9.3.3.2 and withstand a dielectric test voltage given in 8.3.3.4.1, item 4) b), of lEC 60947-1, 
and applied as In 8.3.3.4.1, item 4), of lEC 60947-1, the test voltage being applied only: 

- between all poles connected together and the frame of the contactor or starter, and 

- between each pole and all the other poles connected to the frame of the contactor or 
starter. 

In the case of starters, if the associated contactor has already satisfied an equivalent test, the 
test need not be repeated on the starter. 

Table B.I - Verification of the number of on-toad operating cycles - 
Conditions for making and breaking corresponding to tiie several utilization categories 



utilization category 


Value of the rated 
operational current 


Make 


Break 


III, 


UIU, 


Cos ^ 1) 


/.//, 


U,IU, 


Cos # » 


AC-1 


All values 


1 


1 


0.95 


1 


1 


0.9S 


AC-2 


All values 


2,5 


1 


0.65 


2,5 


1 


0.6S 


AC-3 


/gSlTA 


6 


1 


0,65 


1 


0.17 


0.65 




', > 17A 


6 


1 


0,35 


1 


0,17 


0.35 


AC-4 


/,S17A 


6 


1 


0.65 


6 


1 


0,65 




'e > 17A 


6 


1 


0.35 


6 


1 


O.M 


///. 


UIU, 


ms 


'A 


U^U, 


ms 


DC-1 


All values 


1 


1 


1 


1 


1 


1 


DC-3 


All values 


2.5 


1 


2 


2,5 


1 


2 


DC-5 


All values 


2.5 


1 


7,5 


2,5 


1 


7,5 


'» » rated operational current 












U, « rated operational voltage 












' " current made 

In a.c. the conditions for malcing are exp 
symmetrical current corresponding to the 


ressed in r 
power fact 


.m.s. valut 
or of the ci 


s but it is ur 
rcuit may ass 


iderstood that the pe 
wmc a higher value. 


■k value of 


<^ ■ applied voltage 












Ur ■ power-frequency or d.c. recovery voltage 












'c * current broken 












'' Tolerance for cos <>: jtO,05 












*' Tolerance for UR:*1 5% 
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B.4 Co-ordination at the crossover current between the starter 
and associated SCPD 

B.4.1 General and definitions 

B.4.1.1 General 

This annex states different methods of verifying the performance of starters and the 
associated SCPD{s) at currents below and above the Intersection l^o of their respective time- 
current characteristics, provided by the starter and SCPD manufacturer(s), and the corres- 
ponding types of co-ordination described In 8.2.5.1. 

Co-ordination at the crossover current between the starter and the SCPD can be verified 
either by the direct method with the special test of B.4.2 or, for type "2" co-ordination, by the 
indirect method as in B.4.5. 

B.4.1.2 DeTinltions 

B.4.1.2.1 

crossover current l^o 

current corresponding to the crossover point of the mean or published curves representing the 
time-current characteristics of the overload relay and the SCPD respectively 

NOTE Th« m*an curves ara the curves corresponding to the average values calculated from the tolerances on the 
lima-currant characteristics given by the manufacturer. 

B.4.1. 2.2 

test current 1^ 

test current greater than /<„, tolerances included, designated by the manufacturer and verified 
by the requirements given in table B.2 

B.4.1.2.3 

time-current withstand characteristic capability of contactors/starters 

locus of the currents a contactor/starter can withstand as a function of time 

B.4.2 Condition for the test for the verification of co-ordination at 
the crossover current by a direct method 

The starter and its associated SCPD shall be mounted and connected as in normal use. All 
the tests shall t>e performed starting from the cold state. 

B.4.3 Test currents and test circuits 

The test circuit shall be according to 8.3 3 5.2 of part 1 except that the oscillatory transient 
voltage need not be adjusted. The currents for the tests shall be: 

(i) 0,75 /co .5 % and 

(ii) 1,25 /coi % 

The power factor of the test circuit shall be in accordance with table 7. In the case of small 
relays having a high resistance, inductors should be mainly used in order to have a value of 
power factor as low as possible. The recovery voltage shall be 1.05 times the rated 
operational voltage. 
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The SCPD shall be as stated in 8.2.5.1 and of the same rating and characteristics as used In 
the tests of 9.3.4.2. 

If the switching device is a contactor, its coil shall be energized from a separate source at the 
rated control supply voltage of the contactor coll and connected so that the contactor opera 
when the overload relay operates. 

B.4.4 Test procedure and results to be obtained 

B.4.4.1 Test procedure 

With the starter and the SCPD closed, the test currents stated in B.4.3 shall be applied by a 
separate closing device. In each case the device tested shall be at room temperature. 

After each test, it is necessary to inspect the SCPD, reset the overload relay and the relesM 
of the circuit-breaker, if necessary, or to replace all fuses if at least one of them has melted. 

B.4.4.2 Results to be obtained 

After the test at the lower current (i) in B.4.3, the SCPD shall not have operated and the 
overload relay or release shall have operated to open the starter. There shall be no damage 
to the starter. 

After the test at the higher current (ii) in B.4.3, the SCPD shall have operated before the 
starter. The starter shall meet the conditions of 9.3.4.2.3 for the type of co-ordination stated 
by the manufacturer. 

B.4.5 Verification of co-ordination at the crossover current by an indirect method 

NOTE For type "1" co-ordination, the indirect mettiod may be different from the method described in annex B end 
is under consideration. For this reason, the indirect method for the verification of co-ordination at ttie crossover 
point is only applicable for type '2' co-ordination. 

The indirect method consists in verifying on a diagram (see figure B,1) that ttie followinQ 
conditions for the verification of co-ordination at the crossover current are met: 

- the time-current characteristic of the overload relay/release, starting from cold state 
supplied by the manufacturer, shall indicate how the tripping time varies with the current 
up to a value of at least l^^; this curve has to lie below the time-current charactenstic of 
the SCPD up to 1^0, 

- /cd of the starter, tested as in B.4.5, 1, shall be higher than Ico', 

- the time-current withstand characteristic of the contactor, tested as in B^^.5.2 shall 
be above the time-current characteristic (starting from cold state) of the overload relay up 
to 'co- 

B.4.5.1 Test for Ud 

Subclause 9,3.4.1 applies with the following addition. 

- Test procedure: the contactor or starter shall make and break the *«J ''"/^'"y^'^^^^^^ Z 
number of operating cycles given in table B.2 below. This is made without the SCPU 
circuit. 
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Table B.2 - Test conditions 





U^U, 


Cos t 


On-time 
(see note 2) 

s 


Off-time 
s 


Number of 
operations 


/». 


1,05 


See note 1 


0,05 


See note 3 


3 


NOTE 1 Pow«r factor to t>e selected according to table 16 of lEC 60947-1 . 

r40TE 2 Time may be less than 0,05 s provided that contacts are allowed to become properly seated 
before re-opening. 

MOTE 3 See table 7a. 



- Behaviour of contactors or starters during and after the 1^^ test: 

a) during the test, there shall be no permanent arcing, no flash-over between poles, no 
blowing of the fusible element in the earth circuit (see 9.3.4.1.2) and no welding of 
contacts; 

b) after the test, 

1) the contacts shall operate correctly when the contactor or starter is switched by the 
applicable method of control; 

2) the dielectric properties of the contactors and starters shall be verified by a dielectric 
test on the contactor or starter using an essentially sinusoidal test voltage of twice 
the rated operational voltage U^ used for the /^^ test, with a minimum of 1 000 V. The 
test voltage shall be applied for 5 s, as specified in 9.3.3.4.2, item a)1). 

B.4.5.2 Time-current characteristic withstand capability of contactors/starters 

This characteristic is issued by the manufacturer and the values are obtained according to the 
test procedure specified in 9 3.5 but with combinations of overload currents and durations to 
establish the characteristic at least up to 1^^, in addition to those stated in 8.2.4.4. 

This characteristic is valid for overload currents, starting with the contactor at room 
temperature. The minimum cooling duration required by the contactor between two such 
overload tests should be stated by the manufacturer 
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SCPD 



Time 



Overload relay 




'CO 



'cd > '( 



Limit of thermal damagt 
to the overtoad relay 
time-current characteristic 



CO 



Current 



a; mean overload relay time-current characteristic from cold state 
b: time-current characteristic withstand capability of contactor 

Figure B.1a - Co-ordination with fuse 



Time 



Overload 
relay 



SCPD 




Liml of thermal damage 
to the overload relay 
time-current charateristic 



'CO 



'cd * 'co 



Curent 



»: mean overload relay time-current characteristic from cold slate 
b: time-current characteristic withstand capability of contactor 

Figure B.lb - Co-ordination vwth circuit-breaker 

Figure B.1 - Examples of time-current withstand characteristic 
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Annex C 
Void 
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Annex D 

(informative) 



Items subject to agreement between manufacturer and user 



NOTE For the purpose of this annex: 

- agrse/nant is used in a very wide sense; 

- user includes testing stations. 

Annex J of part 1 applies, as far as covered by clauses and subclauses of this standard, with 
the following additions. 



Clause or subclause number 
of this standard 


Item 


1.2.3 


Additional requirements concerning two-direction starters and Inching and 

plugging 


5.3.4.3 - Note 


Overload protection of starters for intermittent duty 


5.3.5.5.3 


Time interval between two successive starts of auto-transformer starters 
having a starting time exceeding 15 s 


5.4 


Types of utilization other than the utilization categories defined In table 1 


5.7.2 


Specific applications of instantaneous over-current relays or releasas and 
of relays or releases of a typo other than those defined in 5.7.2 


5.7.3 


Protection of the rotor circuit for a rheostatic rotor starter 


5.7.3 


Protection of the auto-transformer for an auto-transformer starter 


57.5 


Tolerances on time-current characteristics of overload relays (to be 
indicated by the manufacturer) 


5.10.2 


Characteristics of devices for automatic acceleration control 


5.11:5.12 


Nature and dimensions of the connecting links: 

a) between an auto-transformer starter and the auto-transformer. If tWa 
is provided separately 

b) between a rheostatic rotor starter and the resistors, if these are 
provided separately 

Agreement for items a) and b) is to >» "~'"<*«,1^*7^" "iff.'JJL^ 
manufacturer and the manufacturer of the transformer, or of the resirtors, 

as the case may be 


8.2.2.6.3 


Ratings of specially rated windings (to be stated by the manufacturer) 


Table? 


Verification of the make conditions *''lf"J!'i»r«;^"''?,".;! ""'**' "* 
during the make and break test (manufacturer's agreement) 


Table 12 


value of the prospective current V for the conditional short-arcu, cun.™ 
test of devices of /, > 1 600 A _J 
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Annex E 

(informative) 

Examples of control circuit configurations 



E.I External control device (ECD) 
E.1.1 Definition of an ECD 

Any external element which serves to effect the control of the contactor or starter. 
E.1.2 Diagrammatic representation of an ECD 





or 




E.1.3 Parameters of an ECD 

- Ri internal resistance; 

- Zj. internal leakage impedance. 

MOTE ^Jn Ih. CM wh.r* ECD i> . mechanical push button. R, is otten r<eglected and 2, is otten Ulcen 

E.2 Control circuit configurations 

E.2.1 Contactor or starter with external control supply 

E.2.1.1 Single supply and control input 



D«vic«1 
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E.2.1.2 Separate supply and control inputs 







i 


\ 1 


t 




ECD 






Device 2 


o- 
o- 
o- 
o- 




,^>^ 








^ 














^: 





























* in the open state 



E.2.2 Contactor or starter with an internal control supply and control input only 









ECO 




Devices 


o- 
o- 






w 

















' in the open state 



E.2.3 Contactor or starter with several external control supplies 



Contactor 

or 

starter 



Electronic part O- 
of the control 
fmtegrated or 
separate) 

O 



Uc 



ECO 



Us 



horn the auxiiaiy 
suppfyl 



from the auxOMy 
.supply2 



m 
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E.2.4 Contactor or starter with bus interface 

(may be combined with other circuit configurations) 



Contactor 

or 

starter 



! Eledronic part 

: of tha control 

: (i'^tagrated or 
I sapaiato) 



<^ BUS ^ 
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Annex F 

(normative) 



Requirements for auxiliary contact linked with 
power contact (mirror contact) 



F.I Scope and object 

F.1.1 Scope 

This annex applies to auxiliary contacts mechanically linked with power contacts of a 
contactor and designated as mirror contacts in order to avoid any confusion with mechanically 
linked contact elements dealt within annex L of lEC 60947-5-1. However, that does not 
prevent a given auxiliary contact to comply with both requirements for mirror contact of this 
annex and for mechanically linked contact of annex L of lEC 60947-5-1. 

NOTE 1 A typical application of mirror contacts is to have, in the machin* control circuit, a highly raliabi* 
monitoring of the status of the contactor. IHowever, mirror contact should not be relied upon exclusively as a means 
to ensure safety. 

NOTE 2 Mirror contacts have previously been referred to as positively safety contacts, forced contacts, linked 
contacts or positively driven contacts. 

F.1.2 Object 

This annex provides additional specifications (definition, requirements and tests) which shall 
be used for stating the required design characteristics, marking and performance of mirror 
contact. 

F.2 Definitions 

The following additional definition applies. 

F.2.1 

mirror contact .. 

normally closed auxiliary contact which cannot be in closed position simultaneously witn me 
normally open main contact under conditions defined in clause F.7 
NOTE One contactor may have more than one mirror contact. 

F-3 Characteristics 

All mlrior contacts shall also comply with the relevant requirements given in this standard. 

F-4 Product information 

Clause 6 applies with the following addition. 
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Mirror contacts shall t>e clearly identified: 

- on the contactor itself, or 

- in the manufacturer documentation, or 

- both. 

Where a symbol is used to identify a mirror contact, it shall be as shown in figure F.I . 



Figure F.I - Mirror contact 

F.5 Normal scrvic*. mounting and transport conditions 

There are no supplementary requirements. 

F.« Constructional and performance requirements 

Clause 8 applies with the following addition. 

When any of the main contacts is closed, no mirror contact shall be closed. 
NOTE S«ir-«h«cklng of th* mirror contact circuit is recommended. 

F.7 Teste 
F.7.1 QMieral 

Clause 9 applies with the following addition 

Tests according to both F 7.2 and F.7.3 shall be carried out. 

F.7.2 TasU on products In a new condition 

m^inTontS"' '""'"*• ''' '"' '"'" *^ ''"''' °"' °" ^ P-*^"-**- where m is the number of 

A new product is used for testing each mirror contact with each of the main contacts. 
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The tests shall be carried out on products in a new and clean condition The test procedure 
shall be as follows: 

a) To simulate the occurrence of welding on one main pole, one main contact shall be 
maintained in the closed position, e.g. by welding or gluing each point of contact (eg 
for double breaking contact, welding is carried out at the two contact points). The 
thickness of welding or gluing shall be such that the distance between contacts is not 
modified significantly and the method used shall be described in the test report. 

b1) With the operating coil de-energized, an impulse test voltage of 2,5 kV at sea level 
(correction should be made according to table F.I given below, calculated from table 12 
of lEC 60947-1) shall be applied across the mirror contact. There shall be no disruptive 
discharge. 

Table F.1 - Test voltage according to altitude 



Sea level 


200 m 


500 m 


1000 m 


2 000 m 


2.5 kV 


2,37 kV 


2.37 kV 


2.29 kV 


2.12 kV 



NOTE This test ensures a minimum gap of 0.5 mm in accordance with figures A.I, A. 2 and A3 of 
lEC 60664-1 from which table 13 of lEC 60947-1 is issued. 

b2) As an alternative to b1), with the operating coil de-energized, the gap of the contact 
shall be measured with direct means; it shall be more than 0,5 mm. In case of two or 
more contact gaps in series, the sum of contact gaps shall be more than 0,5 mm. 

The sequences a) and b) (b1) or b2)) are repeated on new samples for each mam contact 
welded successively. 

F.7.3 Test after conventional operational performance (defined under table 8) 

At the end of the conventional operational performance tests according to 9 3 3 6, it shall be 
verified that, when the coil is energized, the mirror contact shall withstand its rated insulation 
voltage U^. 
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AMENDMENT NO. 2 

Change, throughout the standard, 'solid state" by 'electronic' 

Page 3 and amendment 1 , page 3 
CONTENTS 

Modify the title of Clause 3 to read: 

3 Terms, definitions, symbols and abbreviations 

Insert the following: 

3.4 Symbols and abbreviations 

Replace "5.9 Switching overvoltages" by "5.9 Vacant'. 
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Add, on page 5, the title of the new Annexes G, H and I: 

Annex G (informative) Rated operational currents and rated operational powers of switching 
devices for electrical machines 

Annex H (normative) Extended functions within electronic overload relays 

Annex I (informative) AC1 contactors for use with semiconductor controlled motor loads 

Add, on page 5, the title of new Figures 8 and H. 1: 

Figure 8 - Thermal memory test 

Figure H.I - Test circuit for the verification of the operating characteristic of a residual current 
electronic overload relay 

Modify, on page 5, the title of Table 2 to read: 
Table 2 - Trip classes of overload relays 

Modify, on page 5, the title of Table 4 to read: 

Table 4 - Limits of operation of three-pole time-delay overload relays when energized on two 
poles only 

Add, on page 7, the title of new Tables G. 1 and H. 1 

Table G.I - Rated operational power and currents 

Table H.I - Operating time of residual current electronic overload relays 

Page 9 

FOREWORD 

Replace, on page 1 1, the two last paragraphs, by the following: 

Annexes A, 8. F and H form an integral part of this standard. 

Annexes D, E, G and I are for information only. 
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Page 19 and amendment 1 , page 5 

2 Normative references 

Replace the existing text of ttie first paragraph by the following: 

The following referenced documents are Indispensable for the application of this document. 
For dated references, only the edition cited applies. For undated references, the latest edition 
of the referenced document (including any amendments) applies. 

Replace the reference to lEC 60034-1:1996 by the following: 

lEC 60034-1 .2004, Rotating electrical machines - Part 1: Rating and performance 

Replace the reference to lEC 60034-11:1978 by the following: 

lEC 60034-1 1 ;2004, Rotating electrical machines - Part 1 1: Thermal protection 

Add, after lEC 60050(441), the following reference: 
Amendment 1 (2000) 

Replace the reference to I EC 60085:1984 by the following: 
lEC 60085:2004, Electrical insulation - Thermal classification 

Replace the reference to lEC 60112:1979 by the following: 

lEC 601 12:2003, Method for the determination of the proof and the comparative tracking 
indices of solid insulating materials 

Replace the reference to lEC 60269-2-1:1998 by the following: 

lEC 60269-2-1:2004, Low-voltage fuses - Part 2-1: Supplementary requirements for fuses for 
use by authorized persons (fuses mainly for industrial application) - Sections i to vi. 
Examples of types of standardized fuses 

Replace the reference to lEC 60947-1:1999 by the following: 

lEC 60947-1:2004, Low-voltage switchgear and controlgear - Part 1: General rules 

Replace the reference to lEC 60947-2:1995 by the following: 

lEC 60947-2:2003. Low-voltage switchgear and controlgear - Part 2: Circuit-breakers 
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Replace the reference to lEC 60947-5-1:1997 by the following: 

lEC 60947-5-1 :2003, Low-voltage switchgear and controlgear - Part 5-1: Control circuit 
devices and switching elements - Electromechanical control circuit devices 

Replace the reference to lEC 61000-4-3:1995 by the following: 

lEC 61000-4-3:2002. Electromagnetic compatibility (EMC) - Part 4-3: Testing and measure- 
ment techniques - Radiated radio-frequency electromagnetic field immunity test 
Amendment 1 (2002) 

Replace the reference to lEC 61810-1:1998 by the following: 

lEC 61810-1:2003, Electromechanical elementary relays - Part 1: General and safety 
requirements 

Replace the reference to CISPR 11:1997, by the following: 

CISPR 11:2003, Industrial, scientific and medical (ISM) radio-frequency equipment - 
Electromagnetic disturbance characteristics - Limits and methods of measurement 
Amendment 1 (2004) 



Page 21 

3 Definition* 

Replace the existing title by the following: 

3 Terms, definitions, symbols and abbreviations 

Insert, after the first paragraph, the following alphabetical index of definitions: 

Reference 
A 

Auto-transformer starter 3.2.5.2 

C 

Close transition (with an auto-transformer starter or star-delta starter) 3.2.23 

Combination starter 3.2.8 

Combination switching device 3.2.27 

Contactor (mechanical) 3.1.1 

D 

Direct-on-line starter 3.2.2 

E 

Electromagnetic contactor 3.1.2 

Electromagnetic starter 3.2.10 

Electronic overload relay with current or voltage asymmetry function H.2.2 

Electronic overload relay with phase reversal function H.2.3 

Electronic overload relay with residual current (earth fault) function H.2.1 

Electronically controlled coil for electromagnet 3.1 .8 

Electro-pneumatic contactor 3.1.4 

Electro-pneumatic starter 3.2.13 
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Inching Cogging) 3.2.24 

Inhibit current H.2.5 

Inhibit time 3.2.30 

J 

Jam sensitive electronic overload relay 3.2.29 

L 

Latched contactor 3.1.5 

M 

Manual starter 3.2.9 

Mirror contact F.2.1 

Motor-operated starter 3.2.11 

N 

n-step starter 3.2.16 

O 

Open transition (with an auto-transformer starter or star-delta starter) 3.2.22 

Over-voltage sensitive electronic overload relay H.2.4 

P 

Phase loss sensitive thermal overload relay or release 3.2.17 

Plugging 3.2.25 

Pneumatic contactor 3.^3 

Pneumatic starter 3.2.12 

Position of rest (of a contactor) ^-^-^ 

Protected starter ^*-^ 

Protected switching device 3.2.26 

R 

Reduced voltage starter \o'\ 

Reversing starter t^al 

Rheostatic rotor starter »V« 

Rheostatic starter -ijai 

Rheostatic stator starter 3.z.o.i 

Single-step starter 3228 

Stall sensitive electronic overload relay ■> 9 it 1 

Star-delta starter io] 

Starter 3^^ 

Starting time (of a rheostatic starter) 3 2 21 

Starting time (of an auto-transformer starter) 

3 2 4 

Two-direction starter , 2 15 

Two-step starter 

" 3.2.18 

Under-current relay or release 3.2.19 

Under-voltage relay or release 



Vacuum contactor (or starter) 



^ 3.1.6 
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Page 23 

3.2 Definitions concerning starters 

Replace, on page 27, the existing definitions 3.2.7 and 3.2.8 by the following: 

3.2.7 

protected starter 

equipment consisting of a starter, a manually-operated switching device and a short-circuit 
protective device, rated as a unit by the manufacturer 

NOTE 1 The protected starter may or may net be enclosed. 

NOTE 2 In ttie context of ttiis standard, the term "manufacturer" means any person, company or organization with 

ultimate responsibility as follows: 

to verify compliance with the appropriate standard; 

to provide the product information according to Clause 6. 

NOTE 3 The manually operated switching device and the short-circuit protective device may be just one device 
and may also incorporate the starter overload protection. 

3.2.8 

combination starter (see Figure 3) 

equipment consisting of a protected starter, as defined in 3.2.7, incorporating an isolating 

function 



Replace, on page 29, the existing definition 3.2.18 by the following: 

3.2.18 

under-current relay or release 

measuring relay or release which operates automatically when the current through it Is 
reduced below a predetermined value 

Add to the derinition 3.2. 19 the following note: 

NOTE The starting time of a starter is shorter than the total starting time of the motor which also takes into 
account the last period of acceleration following the switching operation to the ON position. 

Replace, on derinition 3.2.20, the existing note by the following: 

NOTE The starting time of a starter is shorter than the total starting time of the motor which also takes into 
account the last period of acceleration following the switching operation to the ON position. 

Renumber definitions 3.2. 19 to 3.2.24 as 3.2.20 to 3.2.25. 



Insert, on page 29, after definition 3.2. 18, the following new definition 3.2. 19: 

3.2.19 

under-voltage relay or release 

measuring relay or release which operates automatically when the voltage applied to it is 
reduced below a predetermined value 
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Add, on page 29, after definition 3.2.25, the following new definitions 3.2.26 to 3.2.30: 

3.2.26 

protected switching device 

equipment (for non motor loads) consisting of a contactor or a semiconductor controller, 
overload protection, a manually operated switching device and a short-circuit protective 
device, rated as a unit by the manufacturer 

NOTE 1 The protected switching device may or may not be enclosed. 

NOTE 2 In the context of this standard, the term "manufacturer' means any person, company or organization with 
ultimate responsibility as follows: 

to verify compliance with the appropriate standard; 

to provide the product information according to Clause 6. 

NOTE 3 The manually operated switching device and the short-circuit protective device may Im just one device 
and may incorporate the overload protection as well. 

3.2.27 

combination switching device 

equipment consisting of a protected switching device, as defined in 3.2.26, incorporating an 
isolating function 

3.2.28 

stall sensitive electronic overload relay 

electronic overload relay which operates when the current has not decreased below a 
predetermined value for a specific period of time during start-up or when the relay receives 
the input indicating there is no rotation of the motor after a predetermined time in accordance 
with specified requirements 

NOTE Explanation of stall: rotor locked during start. 

3.2.29 

jam sensitive electronic overload relay 

electronic overload relay which operates in the case of overload and also when the current 
has increased above a predetermined value for a specific period of time during operation, in 
accordance with specified requirements 

NOTE Explanation of jam: high overload occurring after the completion of starting which causes the current to 
reach the locked rotor current value of the motor being controlled. 

3.2.30 
inhibit time 

time-delay period during which the tripping function of the relay is inhibited (may D« 
adjustable) 

Page 31 

Add, after definition 3.3. 1, ttte following new subclause: 

3.4 Symbols and abbreviations 

AQL Acceptable quality level 

EMC Electromagnetic compatibility 

'c Current made and broken (Table 7) 

'e Rated operational current (5.3.2.5) 

'er Rated rotor operational current (5.3.2.7) 
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„ Rated stator operational current (5.3.2.6) 

,g Inhibit current (H.2.5) 

,h Conventional free air thermal current (5.3.2.1) 

,hg Conventional enclosed thermal current (5.3.2.2) 

,f,r Conventional rotor thermal current (5.3.2.4) 

i,h. Conventional stator thermal current (5.3.2.3) 

Rated uninterrupted current (5.3.2.8) 

SCPD Short-circuit protective device 

Tp Tripping time (Table 2) 

U^ Rated control circuit voltage (5.5) 

U^ Rated operational voltage (5.3.1.1) 

U„ Rated rotor operational voltage (5.3.1.1 .2) 

Ug, Rated stator operational voltage (5.3.1 .1.1) 

(7| Rated insulation voltage (5.3.1 .2) 

l/j^p Rated impulse withstand voltage (5.3.1.3) 

U„ Rated rotor insulation voltage (5.3.1.2.2) 

Ui, Rated stator insulation voltage (5.3.1 .2.1) 

U, Power frequency or d.c recovery voltage (Table 7) 

U, Rated control supply voltage (5.5) 

S.I Summary of characteristics 

Oe/efe the eighth dashed item: '- switching overvoltages (5.9);' 

Page 37 

8.3.2.6 Rated operational currents (/,) or rated operational powers 

Insert, after the second paragraph, the following note: 

NOTE Ann«x G give* valuea concerning the relationship between rated operational currents and rated operational 
powwr*. 

Page 45 

S.3.S.S.1 Starting charactiMstics of riteostatic rotor starters 

Replace, fort,, "(see 3.2.19)' by "(see 3.2.20)'. 

Page 47 

5.3.S.8.3 Starting citaracteristlcs for two-step auto-transformer starters 

Replace, in the first sentence, '(see 3.2.20)' by '(see 3.2.21)'. 
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Page 53 

5.7.2 Types of relay or release 

Replace under item c), items 2) and 3) by the following new items 2) and 3): 

2) dependent on previous load (e.g. thermal or electronic overload relay); 

3) dependent on previous load (e.g. thermal or electronic overload relay) and also 
sensitive to phase loss (see 3.2.17). 

Replace items d) and e) by the following new items d) and e): 

d) Instantaneous over-current relay or release (e.g. jam sensitive, see 3.2.29). 

e) Other relays or releases (e.g. control relay associated with devices for the thermal 
protection of the motor). 

Delete the existing note. 

Add, after item e), the following new item f): 
Stall relay or release. 

5.7.3 Characteristic values 

Replace the existing item a) by the following new item a): 

a) Release with shunt coil, under-voltage (under-current), over-voltage (instantaneous over 
current), current or voltage asymmetry and phase reversal opening relay or release: 

- rated voltage (current); 

- rated frequency; 

- operating voltage (current); 

- operating time (when applicable); 

- inhibit time (when applicable). 

Replace, in item b). fourth dashed item, "30 s" by "40 s". 

Modify, in item b), the text of the sixth dashed item to read: 

"nature of the relay: thermal, magnetic, electronic or electronic without thermal memory." 

Add, after item b), the following new item c): 
c) Release with residual current sensing relay: 

- rated current; 

- operating current; 

- operating time or time-current characteristic according to Table H.I ; 

- inhibit time (when applicable); 

- type designation (see Annex H). 
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Page 55 

Table 2 - Trip classes of thermal, time-delay magnetic or electronic overload relays 

Replace the existing table, including ttie title, by ttie following: 



Table 2 - Trip classes of overload relays 



Trip class 



Tripping time T. under the conditions 
specified in 8.2.1.5.1, 
Table 3, column D ^ 



Tripping time T„ under the conditions 

specified in 8.2.1.5.1, 

Table 3, column D for tighter 

tolerances (tolerance band E) ^ 



2 
3 

5 

10A 

10 

20 

30 
40 



0,5 < T^p S 5 
2 < Tp S 10 
4< TpS 10 
6 < Tp s 20 
9 < Tp S 30 



rp^2 



2 < Ip S 3 



3 < 7p £ 5 



5< fpS 10 



10 < rpS20 



20 < Tp s 30 



30 < 7p S 40 



' The manufacturer shall add the letter E to trip classes to indicate compliance with the band E 



NOTE 1 Depending on the nature of the relay, the tripping conditions are given in 8 2.1.5. 

NOTE 2 In the case of a rheostatic rotor starter, the overload relay is commonly inserted in the stator circuit As 
a result, it cannot efficiently protect the rotor circuit and more particularly the resistors (generally more easily 
damageable than the rotor itself or the switching devices in case of a faulty start), protection of the rotor circuit 
should be the subject of a specific agreement between manufacturer and user (see, inter alia, 8 2.1 1 3). 

NOTE 3 In the case of a two-step auto-transformer starter, the starting auto-transformer is normally designed for 
use dunng the starting period only as a result, it cannot be efficiently protected by the overload relay in the event 
of faulty starting Protection of the auto-transformer should be the subject of specific agreement between 
manufacturer and user (see 8 2 114) 

NOTE 4 The lower limiting values of Tp are selected to allow for differing heater characteristics and 
manufacturing tolerances 



Page 57 

S.9 Switching overvoltages 

Replace the existing title and text by the following: 

5.9 Vacant 
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Page 61 

6.1.2 Characteristics, basic rated values and utilization 

Modify the text of item m), second paragraph, to read: 

"rated conditional short-circuit current ^spo «; 7 r\ nf m= <,-„.. « 

l\4odify the text of item n) to read: 

"Vacant". 

Modify the text of item s) to read: 

t"heSmS.ory.'"°'""^ *° ^■'' "'^"^^'"^ " ''" "^'*'°"'= ""^^'^^^ ^^'^V <'°«« "°t '^""'a*" 

Page 63 and amendment 1, page 11 

6.2 Marking 

Add, at the end of this subclause, the following new paragraph: 

If the rrianufacturer declares an electronic overload relay without thermal memory this shall 
oe marked on the device. 

Page 65 

8.1 Constructional requirements 

Delete the note. 

8.1.1 Materials 

Replace the existing text of this subclause by the following: 

Subclause 7.1.1 of lEC 60947-1 applies with the following additions. 

The manufacturer shall specify which test method is to be used. 

When tests on the equipment or on sections taken from the equipment are used, parts of 
insulating materials necessary to retain current-carrying parts in position shall conform to the 
glow-wire tests of 8.2.1.1.1 at a test temperature of 850 °C. 

Parts of insulating materials other than those specified in the previous paragraph shall 
conform to the requirements of the glow-wire test of 8.2.1.1.1 at a temperature of 650 "C 

When tests on materials are used, they shall be made according to the tests for flammabllity 
category, hot wire ignition and, where applicable, arc ignition, as specked in 8.2 1 1 2. of 
lEC 60947-1. The material used shall comply with the values given in Table M.I of lEC 60947-1 
according to the manufacturer's chosen flammabllity category (see lEC 60695-11-10). 
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8.1.2 Current-carrying parts and their connections 

Delete the text between brackets. 

Page 69 

8.2.1.5 Limits of operation of current operated relays and releases 

Replace the existing title of this subclause by the following: 

8.2.1.5 Limits of operation of current sensing relays and releases 

Page 71 and amendment 1, page 15 

8.2.1.5.1 Limits of operation of time-delay overload relays when all poles are energized 

Insert, before the First paragraph, the following title and note: 

8.2.1.5.1.1 General tripping requirements of overload relays 

NOTE 1 The thermal protection of motors in the presence of harmonics in the supply voltage is under 
consideration. 

Replace the existing item c) by the following: 

c) for class 2, 3, 5 and 10A overload relays energized at C times the current setting, tripping 
shall occur in less than 2 min starting from thermal equilibrium, at the current setting. In 
accordance with 9.3.3 of lEC 60034-1; 

NOTE 2 Subclause 9 3.3 of lEC 60034-1 slates. 'Polyphase motors having rated outputs not exceeding 
315 kW and rated voltages not exceeding 1 kV shall be capable of withstanding a current equal to 1,5 times 
the rated current for not less than 2 min.'. 

Replace the existing item e) by the following: 

e) at D times the current setting, tripping shall occur within the limits given in Table 2 for the 
appropriate trip class and tolerance band, starting from the cold state. 

Renumber the last note of this sutKlause as 'NOTE 3". 

Replace, in the last paragraph, 'figure T by 'Table 3". 

Table 3 - Limits of operation of time-delay overioad relays when energized on ail poles 
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Replace the existing table by the following new table: 



Type of overload relay 


Multiple* of current setting 


Ambient air temperature value* 


A 


S 


C 





Thermal type not compensated for 
ambient air temperature variations 


1.0 


1,2 


1,5 


7,2 


-5 'C, +20 'C and +40 'C 


Thermal type compensated for 
ambient air temperature variations 


1,05 


1,3 


1,5 


- 


-5-C 


1.05 


1,2 


1,5 


7,2 


+20 'C 


1.0 


1,2 


1,5 


~ 


+40 -C 


Electronic type 


1,05 


1,2 


1,5 


7,2 


-5 "C, +20 'C and +40 'C 



Add the following new subclause: 

8.2.1.5.1.2 Thermal memory test verification 

Unless the manufacturer has specified that the device does not contain thermal memory, 
electronic overload relays shall fulfil the following requirements (see Figure 8): 

- apply a current equal to Ig until the device has reached the thermal equilibrium; 

- interrupt the current for a duration of 2 x Tp (see Table 2) with a relative tolerance 
of ±10 % (where Tp is the time measured at the D current according to Table 3); 

- apply a current equal to 7,2 x Z^; 

- the relay shall trip within 50 % of the time Tp. 

Page 73 

8.2.1.5.2 Limits of operation of three-pole thermal overload relays energized 
on two poles 

Replace the existing title of this subclause by the following: 

8.2.1.5.2 Limits of operation of three-pole time-delay overload relays energized 
on two poles 



Replace the existing text of the last paragraph by the following: 

In the case of overload relays having an adjustable current setting, the characteristics shall 
apply both when the relay is carrying the current associated with the maximum setting and 
when the relay is carrying the current associated with the minimum setting. 

Table 4 - Limits of operation of three-pole thermal overload relays when energized on 
two poles only 

Replace the existing table, including the title, by the following: 
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Table 4 - Limits of operation of three-pole time-delay overload relays 
when energized on two poles only 



Type of overload relay 


Multiples of current setting 


Reference ambient air 
temperature 


A 


8 


Thermal, compensated for ambient 
air temperature variations or 
electronic 

Not phase loss sensitive 


3 poles 
1,0 


2 poles 
1,32 

1 pole 



+20 °C 


Thermal, not compensated for 
ambient air temperature variations 

Not phase loss sensitive 


3 poles 
1,0 


2 poles 
1,25 

1 pole 



+40 °C 


Thermal, compensated for ambient 
air temperature variations or 
electronic 

Phase loss sensitive 


2 poles 
1,0 

1 pole 
0,9 


2 poles 
1,15 

1 pole 



+20 °C 



8.2.1.5.4 Limits of operation of automatic change over by under-current relays 

Replace the existing title and text of this subclause by the following: 

8.2.1.5.4 Limits of operation of under-current relays and releases for automatic change 
over 

8.2.1.5.4.1 Limits of operation of under-current relays 

An under-current relay or release, when associated with a switching device, shall operate to 
open the switching device within 90% to 110% of the set time when the current during 
operation is below 0,9 times the under-current setting in all poles. 

8.2.1.5.4.2 Limits of operation of automatic change over by under-current relays 

- for star-delta starters from star to delta, and 

- for auto-transformer starters from the starting to the ON position. 

The lowest drop-out current of an under-current relay shall be not greater than 1 ,5 times the 
actual current setting of the overload relay which is active in the starting or star connection 
The under-current relay shall be able to carry any value of current, from its lowest current 
setting to the stalled current in the starting position or the star connection, for the tripping 
times determined by the overload relay at its highest current setting. 

Page 75 

Add, after 8.2. 1.5.4, the following new subclauses 8.2. 1.5.5 and 8.2. 1.5.6: 
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8.2.1.5.5 Limits of operation of stall relays 



A stall relay, when associated with a switching device, shall operate to open the switching 
device within 80 % to 120 % of the set time (stall inhibit time) or within the accuracy specified 
by the manufacturer, when: 

a) current sensing relays: the current is 20 % higher than the set stall current value; 

EXAMPLE: Set current of the stall relay: 100 A; set time: 6 s; accuracy: ±10 %, the relay shall trip within 5.4 • 
and 6,6 s when the current is equal to or greater than 100 Ax 1,2 = 120 A. 

b) rotation sensing relays: an input signal indicating no motor rotation exists. 

8.2.1.5.6 Limits of operation of jam relays and releases 

A jam relay or release, when associated with a switching device, shall operate to open the 
switching device within 80 % to 120 % of the set lime (jam inhibit time) or within the accuracy 
specified by the manufacturer, when the current is above 1,2 times the set current value of 
ttie jam relay, during running after completion of the starting. 

8.2.2 Temperature rise 

Replace the existing text of the first paragraph by the following: 

The requirements of 7.2.2 of lEC 60947-1 apply to contactors and starters in a clean, new 
condition. 



Add, after the note, the following new subclauses 8.2.2.1, 8.2.2.2 and 8.2.2.3: 

8.2.2.1 Terminals 

Subclause 7.2.2.1 of lEC 60947-1 applies. 

8.2.2.2 Accessible parts 

Subclause 7.2.2.2 of lEC 60947-1 applies. 

8.2.2.3 Ambient air temperature 

Subclause 7.2.2.3 of lEC 60947-1 applies. 

Table 5 - Temperature rise limits for insulated coils In air and In oil 

Modify the heading of the first column to read: 

'Class of insulating material (according to lEC 60085)" 

Delete the existirig note. 
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Page 87 



8.2.5.1 Performance under short-circuit conditions (rated conditional short-circuit 
current) 

Modify the first paragraph to read: 

' ... by short-circuit protective device(s) (SCPD(s)), combination starters, combination 
switching devices, protected starters and protected switching devices shall be verified by ..." 



Page 89 

8.2.6 Switching overvoltages 

Replace the existing title and text by the following: 

8.2.6 Vacant 

8.2.7 Additional requirements for combination starters and protected starters suitable 
for isolation 

Modify the title to read: 

8.2.7 Additional requirements for combination starters, combination switching 

devices, protected starters and protected switching devices suitable for isolation 

Page 93 

9.1.3 Routine tests 

Correction in French only. 

Page 99 and amendment 1, page 19 

9.3.3.2.2 Relays and releases 

Replace, in item a), the reference to subclause "8.2.1.3" by '8.2.1.3.1". 

Replace the existing title and text of item c) by the following: 

c) Thermal, electronic and time-delay magnetic overload relays 

Overload relays and starters shall be connected using conductors In accordance with 
Tables 9, 10 and 1 1 of lEC 60947-1 for test currents corresponding to: 

- 100 % of the current setting of the overload relay for overload relays of trip classes 2, 
3, 5 and 10 A for all overload relay types (see Table 2) and 10, 20, 30 and 40 for 
electronic overload relay types; 
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- 125 % of the current setting of the overload relay for thermal overload relays of trip 
classes 10, 20, 30 and 40 (see Table 2) and for overload relays for which a maximum 
tripping time greater than 40 s is specified (see 5.7.3). 

It shall be verified that relays and releases operate according to the requirements of 
8.2.1.5.1 with all poles energized. 

Moreover, the characteristics defined in 8.2 1.5.1 shall be verified by tests at -5 'C, 
+20 °C, +40 °C and may be verified at minimum and maximum temperatures given by the 
manufacturer if larger. However, for relays or releases declared compensated for ambient 
temperature, in case of temperature range declared by the manufacturer larger than those 
given in Figure 7, the characteristics at -5 °C and/or +40 °C need not be verified if, when 
tested at the declared minimum and maximum temperatures, the corresponding tripping 
current values are in compliance with the limits specified for -5 °C and/or +40 "C in that 
figure. 

For electronic overload relays, the thermal memory test verification of 8.2.1.5 1.2 shall be 
carried out at +20 °C. 

Three-pole thermal or electronic overload relays energized on two poles only shall be 
tested as stated in 8.2.1.5.2 on all combinations of poles and at the maximum and 
minimum current settings for relays with adjustable settings. 

Replace the existing title and text of item e) by ttie following: 

e) Under-current relays 

The limits of operation shall be verified in accordance with 8.2.1.5.4.1. 



Add, after item e), the following new items f) to h): 

f) Under-current relays in automatic change-over 

The limits of operation shall be verified in accordance with 8.2.1.5.4.2. 

g) Stall relays 

The limits of operation shall be verified in accordance with 8.2 1 .5.5. 

For current sensing stall relays, the verification shall be made for the minimum and for the 

maximum set current values and for the minimum and maximum stall inhibit time (four 

settings). 

For stall relays operating in conjunction with a rotation sensing mean, the verification shall 

be made for the minimum and maximum stall inhibit time. The sensor can be simulated by 

an appropriate signal on the sensor input of the stall relay. 

h) Jam relays 

The limits of operation shall be verified in accordance with 8.2.1.5.6 

The verification shall be made for the minimum and for the maximum set current values 

and for the minimum and maximum jam inhibit time (four settings) 

For each of the four settings, the test shall be made under the following conditions: 

- apply a test current of 95 % of the set current value. The jam relay shall not trip; 

- increase the test current to 120 % of the set current value The jam relay shall trip 
according to the requirements given in 8.2.1.5.6. 
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Page 109 

9.3.3.S.4 Switching overvoltages 

Replace the existing title and text by ttte following: 

9.3.3.5.4 Vacant 

Page 115 and amendment 1, page 21 

9.3.3.6.6 Behaviour of the contactor or starter during, and its condition after, 
the conventional operational performance tests 

Add. at tlie end of ttiis subclause, tt)e following: 

For equipment provided with mirror contacts, the additional test of F.7.3 shall be carried out. 

Page 117 

9.3.4.1.6 Test procedure 

Modify ttte existing text of the second paragraph to read: 

'The contactor or the starter and its associated SCPD, or the combination starter, the 
combination switching device, the protected starter or the protected switching device, shall be 
mounted and connected .. " 

9.3.4.2 Conditional short-circuit current of contactors, starters, combination starters 
and protected starters 

Modify the title to read: 

9.3.4.2 Conditional short-circuit current of contactors, starters, combination starters, 
combination switching devices, protected starters and protected switching 
devices 

Modify the existing text of the first paragraph to read: 

"The contactor or starter and the associated SCPD, or the combination starter, the 
combination switching device, the protected starter or the protected switching device, shall be 
subjected to the tests given ...' 

Page 119 

9.3.4.2.1 Test at the prospective current "i" 

Modify the existing text of the second paragraph to read: 

"The contactor or starter and the associated SCPD, or the combination starter, the 
combination switching device, the protected starter or the protected switching device, shall 
then be connected " 
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9.3.4.2.2 Test at the rated conditional short-circuit current / 

Replace the existing text ofttie ttiird paragraph as follows: 

Iwf..*;'!n!f ''h°' °' ^^^a^' ^"'^ '^^ associated SCPD. or the combination starter, the combination 
rntSdSrclr'cJit.''"'^'^*^'^ ^^"*" °^ ''' ''''''''' ^-'"^''*"« «*-*-■ »^"' t'e"^ 

Replace, on page 121. item b). the existing text of the second paragraph, as follows: 

If. in the case of a combination starter, a combination switching device, a protected starter 
^FP finqTy^^ n .Ir «nc!J? o"*^^!?!' ^^® ^^'^oma device of the SCPD complies with 
Ihorf f ^ P"^"*^'^ ^"*^ ''^^ ^ short-circuit breaking capacity or rated conditional 
Short-circuit current less than the rated conditional short-circuit current of the combination 
starter, the combmation switching device, the protected starter or the protected switchina 
device, the following additional test shall be made. 

Page 121 

9.3.4.2.3 Results to be obtained 

Modify the existing text of the first paragraph to read: 

"The contactor, starter, or the combination starter, the combination switching device, the 
protected starter or the protected switching device, shall be considered to have passed the 
tests at ..." 

Modify the existing text of paragraph "A" to read: 

"A The fault current has been successfully interrupted by the SCPD. the combination starter 
or the combination switching device and the fuse or fusible element ..' 

Replace the sentence between paragraph 'D" and paragraph '£' by the following: 

Both types of co-ordination (combination starters, combination switching devices, protected 
starters and protected switching devices only): 

Modify the existing text of paragraph '6" to read: 

"G If a circuit-breaker with rated ultimate short-circuit breaking capacity less than the rated 
conditional short-circuit current assigned to the combination starter, the combination 
switching device, the protected starter or the protected switching device is employed, the 
circuit-breaker ..." 



Modify, on page 123 and amendment 1. page 23, the existing text of paragraph 'L' to read: 

"L The adequacy of the insulation in accordance with 8.3.3 4.1. item 4). of lEC 60947-1 shall 
be verified by a dielectric test on the contactor, the starter, the combination starter, the 
combination switching device, the protected starter or the protected switching device, 
using a power frequency withstand voltage of twice the rated operational voltage L/g but 
not less than 1 000 V. 

In the case of combination starters, combination switching devices, protected starters 
and protected switching devices, additional tests according to 8.3.3.4 1. item 3). of 
lEC 60947-1 shall be made ..." 
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Page 125 

9.3.6.2 Operation and operating limits 

Replace the existing text of the third paragraph by the following: 

Tests shall be made to verify the calibration of relays. In the case of a time delay overload 
relay, this may be a single test with all poles equally energized at a multiple of the current 
setting, to check that the tripping time conforms (within tolerances) to the curves supplied by 
the manufacturer: in the case of an instantaneous magnetic overload relay, the test shall be 
carried out at 1,1 times the current setting. For under-current relays, stall relays and jam 
relays, tests shall t>e carried out to verify the proper operation of these relays (see 8.2.1 5.4, 
8.2.1.5.5 and 8.2.1.5.6). 

Page 127 

Table 13 - EMC immunity tests 

Replace, in the first column, "lEC 61000-4-5" by "lEC 61000-4-5 a" 
Introduce, in the table, the following new footnote *. 
' Not applicable for ports with a rated voltage of 24 V d.c. or less. 

Page 137 

Figure 3 - Typical variants of combination starters (see 3.2.7) and protected starters 

(see 3.2.8) 

Replace the title by the following: 

Figure 3 - Typical variants of protected sUrtsrs (see 3 2 7), combination starters 

(see 3 2.8), protected switching devices (see 3.2.26) and combination switching devices 

(see 3.2.27) 
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Page 145 

Add, after Figure 7, the following new Figure 8: 



7,2 X /e 



Tripping shall occur within 50 % of the time Tp 
measured at current according to Table 3 



Time sufficient to reach 
the themnal equilibrium 



\ 



Figure 8 - Thermal memory test 

Page 177 and amendment 1, page 37 

Add, after Annex F, the following new Annexes G, H and I: 



111 



IS/IEC 60947-4-1 : 2000 



Annex G 

(informative) 

Rated operational currents and rated operational powers 
of switching devices for electrical machines 



G.I General 

The given values in Table G.1 are guide values for the relationship between rated operational 
currents and rated operational powers. They should be considered for use when information 
concerning products has to be given to the customers. 

The statements of this annex are applicable to all kind of switching devices for electrical 
machines. 

The figures are harmonized within the lEC and therefore state the basis for all the product 
information given by the manufacturer. 

The values given in the Tabled are typical rated operational currents of motors for the 
corresponding rated operational powers. 

If the devices are in compliance with these values, they are able to switch on and off most of 
the existing electrical machines. 

These values state a harmonized guideline for design of switching devices. 

G.2 Rated operational powers and rated operational currents 

Rated operational power is linked with individual rated operational currents at different 
voltages according to Table G.1 . 

The guide values for rated operational currents are determined on the basis of a four-pole 

squirrel-cage motor at 400 V, 1 500 min"' and 50 Hz. The rated operational currents for the 
other voltages are calculated on the basis of values at 400 V. 
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Table G.I - Rated operational powers and rated operational currents 



w 



Ratad opsratlonal power 


Guide values of rated operational currents at 




110-120 V 


200 V 


208 V 


230 V 


220-240 V 


380-415 V 


400 V 


440-480 V 


500 V 


550-600 V 


690 V 


hW» hp' 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


0.06 


_ 


_ 


«. 


. 


0,35 


... 


_ 


0,20 


_ 


0,16 


_ 


0,12 


• 0,09 


_ 


_ 


. 


_ 


0,52 


_ 


_ 


0,30 


_ 


0,24 


_ 


0,17 


0,12 


- 


- 


- 


- 


0,70 


- 


- 


0,44 


- 


0,32 


- 


0,23 


0,18 


_ 


_ 


„ 


_ 


1,0 


_ 


_ 


0,60 


_ 


0,48 


_ 


0,35 


0,25 


_ 


_ 


_ 


_ 


1.5 


_ 


_ 


0,85 


_ 


0,68 


_ 


0,49 


0,37 


- 


- 


- 


- 


1,9 


- 


- 


1,10 


- 


0,88 


- 


0,64 


_ 


1/2 


4.4 


2.5 


2.4 


_ 


2,2 


1,3 


_ 


1.1 


_ 


0.9 


_ 


0,55 


- 


- 


- 


- 


2.6 


- 


- 


1,5 


- 


1,2 


- 


0,87 


- 


3/4 


6,4 


3,7 


3.5 


- 


3,2 


1.8 


- 


1,6 


- 


1,3 


- 


_ 


1 


8,4 


4,8 


4,6 


_ 


4,2 


2,3 


_ 


2,1 


_ 


1,7 


_ 


0,75 


- 


- 


- 


- 


3.3 


- 


- 


1,9 


- 


1,5 


- 


1,1 


1.1 


- 


- 


- 


- 


4.7 


- 


- 


2.7 


- 


2,2 


- 


1,6 


_ 


1-1/2 


12,0 


6,9 


6,6 


_ 


6.0 


3,3 


_ 


3,0 


_ 


2,4 


_ 


_ 


2 


13,6 


7,8 


7,5 


_ 


6,8 


4.3 


_ 


3,4 


_ 


2,7 


_ 


1.5 


- 


- 


- 


- 


6,3 


- 


- 


3,6 


- 


2,9 


- 


2,1 


2.2 


_ 


« 


. 


_ 


8.5 


_ 


_ 


4,9 


_ 


3.9 


_ 


2,8 


- 


3 


19,2 


11,0 


10,6 


- 


9,6 


6.1 


- 


4,8 


- 


3,9 


_ 


3.0 


- 


- 


- 


- 


11.3 


- 


- 


6,5 


- 


5,2 


- 


3,8 


4 


_ 


_ 


• 


_ 


15 


_ 


_ 


8.5 


„ 


6,8 


_ 


4,9 


_ 


5 


30.4 


17.5 


16,7 


- 


15,2 


9.7 


- 


7,6 


- 


6,1 


_ 


S.S 


- 


- 


- 


- 


20 


- 


- 


11.5 


- 


9,2 


- 


6,7 


„ 


7-1/2 


44,0 


25.3 


24,2 


_ 


22.0 


14,0 


_ 


11.0 


_ 


9,0 


_ 


_ 


10 


56,0 


32.2 


30,8 


_ 


28,0 


18,0 


_ 


14,0 


« 


11,0 


_ 


7,5 


- 


- 


- 


- 


27 


- 


- 


15,5 


- 


12,4 


- 


8.9 


11 


_ 


. 


_ 


« 


38.0 


« 


_ 


22,0 


^ 


17,6 


_ 


12,8 


_ 


15 


64 


48.3 


46,2 


- 


42,0 


27,0 


- 


21,0 


- 


17,0 


_ 


- 


20 


108 


62.1 


S9.4 


- 


54,0 


34.0 


- 


27,0 


- 


22,0 


- 


1S 


_ 


_ 


. 


_ 


51 


_ 


_ 


29 


_ 


23 


_ 


17 


18,8 


_ 


_ 


_ 


_ 


61 


_ 


_ 


35 


_ 


28 


_ 


21 


- 


25 


136 


78.2 


74.8 


- 


68 


44 


- 


34 


- 


27 





Tabl* Q.I (continued) 



Raltd operational powar 


Ouldo valuoa of ratad oparatlonal curranta at 




110-120 V 


200 V 


308 V 


230 V 


220-240 V 


380-416 V 


400 V 


440-480 V 


500 V 


sso-eoo V 


690 V 


kW • hp " 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


22 


« 


_ 


_ 


_ 


72 


_ 


_ 


41 


_ 


33 


_ 


24 


- 


30 


160 


92 


88 


- 


80 


51 


- 


40 


- 


32 


- 


- 


40 


208 


120 


114 


- 


104 


66 


- 


52 


- 


41 


- 


30 


_ 


_ 


_ 


_ 


96 




_ 


55 


_ 


44 


_ 


32 


37 


_ 


. 


_ 


_ 


115 


. 


_ 


66 


_ 


53 


_ 


39 




50 


260 


150 


143 


- 


130 


83 


- 


65 


- 


52 


- 


_ 


60 


_ 


177 


169 


_ 


154 


103 


_ 


77 


_ 


62 


_ 


45 


_ 


. 


_ 


_ 


140 


_ 


_ 


80 


- 


64 


- 


47 


5S 


- 


- 


- 


- 


169 


- 


- 


97 


- 


78 


- 


57 


_ 


75 


_ 


221 


211 


_ 


192 


128 


„ 


96 


„ 


77 


_ 


_. 


100 


_ 


285 


273 


_ 


248 


165 


_ 


124 


_ 


99 


_ 


75 


- 


- 


- 


- 


230 




- 


132 


- 


106 


- 


77 


90 


_ 


_ 


_ 


_ 


278 




_ 


160 


_ 


128 


_ 


93 


_ 


125 


_ 


359 


343 


_ 


312 


208 


- 


156 


- 


125 


- 


110 


- 


- 


- 


_ 


340 


_ 


- 


195 


- 


156 


- 


113 


. 


150 


_ 


414 


396 


_ 


360 


240 


— 


180 


_ 


144 


_ 


132 


. 


_ 


- 


_ 


400 


_ 


_ 


230 


- 


184 


- 


134 


- 


200 


- 


552 


528 


- 


480 


320 


- 


240 


- 


192 


- 


150 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


^ 


_ 


_ 


160 


_ 


_ 


_ 


_ 


487 


- 


_ 


280 


- 


224 


- 


162 


IBS 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


_ 


250 


_ 


_ 


_ 


_ 


604 


403 


_ 


302 


_ 


242 


_ 


200 


_ 


_ 


_ 


_ 


609 


_ 


_ 


350 


_ 


280 


- 


203 


220 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


_ 


300 


_ 


_ 


_ 


_ 


722 


482 


_ 


361 


_ 


289 


_ 


250 


„ 


_ 


_ 


— 


748 


_ 


- 


430 


- 


344 


- 


250 


280 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


_ 


350 


_ 


_ 


_ 


_ 


828 


560 


_ 


414 


^ 


336 


_ 


_ 


400 


_ 


_ 


_ 


_ 


954 


636 


_ 


477 


_ 


382 


_ 


300 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


~ 



Table G.1 (continued) 



Rated operational powar 


Guide values of rated operational currents at 




110-120 V 


200 V 


208 V 


230 V 


220-240 V 


380-415 V 


400 V 


440-480 V 


500 V 


5S0-600 V 


690 V 


kW • hp " 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


315 


_ 


_ 


_ 


„ 


940 


— 


„ 


540 


«. 


432 


_ 


313 


- 


450 


- 


- 


- 


- 


1 030 


- 


- 


515 


- 


412 


- 


335 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


355 


_ 


^ 


_ 


_ 


1 061 


_ 


_ 


610 


_ 


4BB 


_ 


354 


- 


500 


- 


- 


- 


- 


1 180 


786 


- 


590 


- 


472 


- 


375 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


400 


- 


- 


- 


_ 


1 200 


- 


_ 


690 


_ 


552 


_ 


400 


425 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


450 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


475 


„ 


„ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


_ 


500 


- 


- 


- 


- 


1 478 


- 


- 


650 


- 


680 


- 


493 


530 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


560 


- 


- 


- 


- 


1652 


- 


- 


950 


_ 


760 


„ 


551 


600 


— 


— , 


— 


— 


— 


— 


_ 


— 


„ 


. 


_ 


_ 


630 


- 


- 


- 


- 


1 844 


- 


- 


1 060 


- 


848 


- 


615 


670 


_ 


_ 


_ 


• 


_ 


_ 


_ 


_ 


^ 


_ 


_ 




710 


- 


- 


- 


- 


2 070 


- 


- 


1 190 


- 


952 


- 


690 


750 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


800 


- 


- 


- 


- 


2 340 


- 


- 


1 346 


- 


1 076 


_ 


780 


850 


. 


— 


— 


— 


— 


— 


_ 


— 


„ 


_ 


_ 


_ 


900 


- 


- 


- 


- 


2 640 


- 


- 


1 518 


- 


1 214 


- 


880 


950 


« 


_ 


_ 


_ 


_ 


« 


_ 


_ 


_ 


_ 


_ 


_ 


1 000 


- 


- 


- 


- 


2 910 


- 


- 


1673 


- 


1339 


- 


970 


* Prafarrad ratad valuat according to lEC 60072-1 (primary sariat). 
















" Hortapowar and currant* valua* according to UL 506 <60 Hx) 
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Annex H 

(normative) 

Extended functions within electronic overload relays 



H.I Scope 

H.1.1 General 

This annex is intended to cover extended functions included in electronic overload relays not 
directly related to the overload protection. 

All functions included in these overload relays not covered by this standard, should comply 
with the requirements of relevant standards specifically covering these functions (e.g. 
lEC 60255, lEC 60947-5 series). 

This annex applies only to electronic relays intended for use in a.c. circuits. 

H.I. 2 Residual current function 

Devices reacting to residual differential currents are used as protective systems. Such 
devices are frequently used in conjunction with or as an integral part of electronic overload 
relays to detect residual current in the installation or the motor in order to provide additional 
protection against fire and other hazards which may develop as a result of an earth fault of a 
lasting nature which cannot be detected by the over-current protective function. The 
behaviour due to the presence of a d.c component is not considered. 

H.2 Definitions 

For the purposes of this annex, the following definitions apply. 

H.2.1 

•lectronic overload relay with residual current (earth fault) function 

multipole electronic relay which operates when the vectorial sum of the currents flowing In the 
main circuit has increased above a predetermined value in accordance with specified 
requirements 

H.2.2 

electronic overload relay with current or voltage asymmetry function 

electronic overload relay which operates in the case of current or voltage magnitude 
unbalance in accordance with specified requirements 

H.2.3 

electronic overload relay with phase reversal function 

multipole electronic overload relay which operates in the case of improper phase sequence at 
the line side of the starter in accordance with specified requirements 

H.2.4 

over-voltage sensitive electronic overload relay 

electronic overload relay which operates in the case of overload and when the voltage has 
Increased above a predetermined value in accordance with specified requirements 
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H.2.5 

inhibit current (/j,.) 

fault current above which a switching device Is not Initiated to open 

H.3 Classification of electronic overload relays 

a) Current and voltage asymmetry relay or release. 

b) Over-voltage relay or release. 

c) Residual current (earth fault) sensing relay or release. 

d) Phase reversal relay or release. 

H.4 Type of relays 

Type A: a Type A electronic overload relay is one that will initiate opening of the switching 
device at all levels of fault current. 

Type B: a Type B electronic overload relay is one that will not initiate opening of the switching 
device above a set current level 1,^ (inhibit current). 

H.5 Performance requirements 

H.5.1 Limits of operation of residual current electronic overload relays 

A residual current overload relay, when associated with a switching device, shall operate to 
open the switching device according to the requirements given in Table H.I. For relays or 
releases with a residual current setting range, the limit of operation of the relay shall t>e 
verified at the lowest and highest settings 

Table H.1 - Operating time of residual current electronic overload relays 



Multiples of rssidual current setting 


Tripping time T^ 

ms 


S0,9 
1,1 


No trip 
10 < Tp s 1 000 



H.5.2 Limits of operation of residual current sensing electronic relays Type B 

Subclause H.S.I applies with the following addition. 

A residual current sensing electronic relay Type B, when associated with a switching device, 
shall not initiate operation of the switching device, in the presence of a residual fault current, 
when the fault current in any phase reaches or exceeds 95 % the set current level Z^. (see 
H.4) and shall operate to open the equipment when the fault current in any phase is 75 % or 
less of I,-. 
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H.5.3 Limit* of operation of voltage asymmetry relays 

A voltage asymmetry relay, when associated with a switching device, shall operate to open 
the switching device within 120 % of the time setting and shall operate to prevent the closing 
of the switching device when the voltage asymmetry is above 1,2 times the voltage 
asymmetry setting. 

H.S.4 LimiU of operation of phase reversal relays 

A phase reversal relay, when associated with a switching device, shall permit the closing of 
the equipment when the voltage sequence of phases on the line side of the starter is the 
same as the voltage sequence setting. After interchanging two phases, the phase reversal 
relay shall prevent the closing of the equipment. 

H.5.S Limits of operation of current asymmetry relays 

A current asymmetry relay, when associated with a switching device, shall operate to open 
the equipment within 120% of the time setting when the current asymmetry is above 1,2 
times the current asymmetry setting. 

H.5.6 Limits of operation of over-voltage relays and releases 

a) Operating voltage 

An over-voltage relay or release, when associated with a switching device, shall operate 
to open the equipment and shall operate to prevent the closing of the equipment when the 
supply voltage Is above the set value, if any, or above 110 % of the rated voltage of the 
relay or release for a defined duration. 

b) Operating time 

For a time-delay over-voltage relay or release, the time-lag shall be measured from the 
instant when the voltage reaches the operating value until the instant when the relay or 
release actuates the tripping device of the equipment. 

H.6 TMts 

H.6.1 Limits of operation of residual current sensing electronic relays Type A 
The limits of operation shall be In accordance with H.5.1 and verified as follows. 

For overload relays with an adjustable residual current setting, the test shall be made at the 
minimum and at the maximum current settings. 

The test circuit shall be in accordance with Figure H.I. The test shall be made at a power 
factor i 0,8. at any convenient voltage and any convenient current. 

The test circuit being calibrated at each of the values of the residual operating current 
specified in the Table H.I, as applicable, and the switch SI being in the closed position, the 
residual current Is suddenly established by closing switch S2. 
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H.6.2 Limits of operation of residual current tensing electronic relays Type B 

Subclause H.6.1 applies with the following addition. 

The limits of operation under over-current condition shall be in accordance with H.5.2 and 
verified as follows. 

The test shall be made with a three-phase load, the connections being made according to 
Figure H.1 . The test shall be made at a power factor > 0,8, at any convenient voltage and any 
convenient current in the main poles. 

For overload relays with an adjustable residual current setting, the test shall be made at the 
lowest setting. 

For overload relays with an adjustable inhibit current setting 1,^, the test shall be made at the 
minimum and at the maximum 1,^ settings. 

The impedance Z1 is adjusted so as to let a current flow in the circuit equal to: 

a) 95 % the inhibit current 1,^ 

The switch S1 being in the closed position, the residual current is established by closing 
switch S2. 

The overload relay shall not trip. 

b) 75 % the inhibit current 1,^ 

The switch SI being in the closed position, the residual current is established by closing 

switch S2. 

The overload relay shall trip. 

H.6.3 Current asymmetry relays 

The limits of operation shall be verified in accordance with H.5.5. 

H.6.4 Voltage asymmetry relays 

The limits of operation shall be verified in accordance with H.5.3. 

H.6.5 Phase reversal relays 

The limits of operation shall be verified in accordance with H.5.4. 

H.6.6 Over-voltage relays 

The limits of operation shall be verified in accordance with H.5.6. 

H.7 Routine and sampling tests 

Electronic overload relays with extended functions shall, in addition to tests of 9-3 6. be 
submitted to additional tests to verify the proper operation of their relevant additional 
functions, according to H.5 
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r 



s 



^ 



SI 



h+H 




Kay 



s 


supply 


V 


voltmeter 


A 


ammeter 


S1 


all-pole switch 


S2 


single-pole switch 


D 


overload relay under test 


Z 


load circuit 


Z1 


adjustable impedance 



Figure H.I - Ttst circuit for the verification of tlie operating characteristic 
of a residual current electronic overload relay 
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Annex I 

(informative) 

AC1 contactors for use with semiconductor controlled motor loads 



Contactors are often used with semiconductor controllers, starters or drives. Contactors for 
such applications are not intended to make or break motor load currents at the stated system 
voltage. 

The Intended use is to carry motor currents either on the line or load side of such controllers, 
and allow the controller to be removed from the line and/or load in the off condition. A further 
use is to by-pass controllers, usually for the purpose of reduting thermal losses, in the up-to 
speed condition. In such applications the contactors should be so controlled and interlocked 
so as to prevent them being opened or closed when the load current is present. 

When the above conditions are met, the contactors may be chosen according to category 
AC1. 



Amendment 1, page 37 
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Replace the reference to lEC 60664-1:1992 by the following: 
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Add the following references: 

lEC 60072-1, Dimensions and output series for rotating electrical machines - Part 1: Frame 
numbers 56 to 400 and flange numbers 55 to 1080 

UL 508, Industrial Control Equipment 
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